JOURNAL 


DAIRY SCIENCE 


2 
Contents: 
Arthur’ Christopher Baer, 1884-1929... 191 
The Use of Egg Yolk in Ite Cream, W. H. Marti ano W. 


Survive 62.8°C., for Thirty Minutes in Milk: Frep W. 
TANNER Anp Mary F. 202 


Some Faetors Affecting the Fat Clumping Produced in Milk 
and Cream Mixtures: When Homogenized. F. J: Doan,... 211 


The Antirachitic Value of Irradiated Ice Cream. Warter C. 
Russe, Forrusr C. Burron, anp Orme J. Kapiensere 231 


Studies: on the Nutritive Value of Milk. W. E. Kraoss...... 242 
Metals. in Dairy, Equipment. F. Corpzs, 


A Deviee for Reducing an Ice Cream Mix to its. Basie Viscosity. 


THE WILLIAMS & WILKINS COMPANY 
MT, ROYAL AND GUILFORD AVES: 


U. 8..A. 
+ Made in. United States of Atmerica 


/ 
XII MAY, 1929” N 
UMBER 3 
( 
| 
‘ 
4 
OFFICIAL ORGAN OF THE 
CAN DAIRY SCIENCE ASSOCIATION 
| 
; 
ai 


‘Washington Meeting 
of the 

AMERICAN DAIRY ScIENCE 

ASSOCIATION 


Spevial hotel rates for those attending the American — 2 
Dairy Science Association meeting at Washington, D. C., , 
June 26 to 28, have been obtained the Hotel Harrmg- |. 
ton, Corner Lith & E Sts., N.W., which willbe thehead- 
quarters. of the association: ‘The, rates are as: follows: 


Single rooms with bath $2.56 per person. _ 
Doulle (twin beds) $2.50 per 

_ Reservations should’ be made at once. Write direct. 

to the Hotel Harrington, stating that you are attending ‘4 
the meeting of the American Dairy Science Association. a 

The entertainment features arranged by the local’mem- 
bers‘of the association include an informal reeeption and 
. dance and excursions to Arlington and Mt. Vernon.. The 

_ visitors also will be guests of the Bureau of Dairy Industry~ 
at luncheon on. Wednesday and Thursday... 

Additional tours: will be: arranged by the local’ com- 
mittee for the wives of ‘visiting members. These tours 
will include ‘a visit to the White House, Capitol, Library 
of Congress, Lincoln Memorial, Freer and Corcoran Art 

~ - Galleries, Smithsonian and the New National Museums, 
Pan American Union; also drive through many 
beatiful parks in the ety. 
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RS. MEDILL Mc CORMICK 
employs Cherry-Burrell , 


Equipment for 
Cooling the Certified 
Milk produced at 
her Magnificent 


RIVER? 
FARMS 


HE Rock River 

Farms is a beauti- 
fully equipped estab- 
lishment owned by Mrs. 
Medill McCormick, 
well known in both - 
social = cir- 
cles,locatednear Byron, 
Illinois. The property 
includes twenty-four 
hundred acres located along the banks of the 
charming Rock River. It is twelve miles 
south of Rockford on Illinois highway No. 2, 
the concrete road connecting Rockford and 
Dixon and linking highways No. 5 and No. 
6, both paved roads. It is just three miles 
north of Byron. 

The main business of the farms is the pro- 
duction of certified milk for Chicago and other 
nearby cities. This makes necessary extraor- 

recautions in the handling of the 
cattle of which there are two hundred and 
thirty-five pure bred Holsteins. Over half a 
million quarts of highest 1 sot milk are 
produced on this farm each y' 

It was in the Fall of 1926. that Mr. H. W. 
Allyn, superintendent of the farms, got in 
touch with the Engineering Department of 
the Barber-Goodhue Division of the Cherry- 
Burrell Corporation at Chicago, asking their 
advice as to equipment they would recommend 
for cooling and bottling certified milk. 

The prior installations were of Internal and 
then Continuous Surface Coolers. This equip- 
ment required setting up and sterilizing every 
milking and so did not fit economically or 
practically when more frequent (three or four 
times a day) milking was desired on account of 
the development of pure bred cattle. Mr. 
Allyn determined to employ a method of 
cooling that would satisfy himself as well as 


Cooler and T, “J” Mil 

ves authorities and wished to carry out his 
plan to bottle the milk only once every 
twenty-four hours. 

After carefully considering the recommen- 
dations of the engineers, Mr. Allyn approved 
the installation of a 500-gallon Burrell Spray 
Pasteurizer which, however, was to be used 
for cooling only. This pasteurizer was con- 
nected up for use with refrigerated brine and 
the milk was emptied into the machine as fast 
as it was delivered to the milk house from the 
stables. This method resulted in a great 
saving in labor and also in the elimination of 
wear on equipment as it was possible to do 
away with sterilizing two to four times daily, 
that had been necessary when the other ty pes 
of coolers were used. It was also found that 
more efficient results were possible with one 
clean-up daily as the men were able to do this 
work more efficiently than when doing it 
oftener. And it was established that no acidity 
developed when mixing a small amount of 
warm milk with a larger amount of cold milk. 

The bacteria counts at the Rock River 
Farms for 1926, 1927 and 1928 averaged under 
2,000 per cubic centimeter and, of course, 
these results have been very satisfactory to 
both Mrs. McCormick and Mr. Allyn, super- 
intendent of the farm. 

For a more complete story of this great plant and its opera- 

tion and the very interesting iodized milk experiments which 
are being conducted there, see your copy of the April issue 
of the CHERRY-BU RRELL CIRCLE, It you are not 


receiving the CIRCLE regularly, ask our nearest a to see 
that your name is immediately placed on the mailing list. 


Corporation 


54 West Maple 


Detroit, 2016 W. Lafayette Blvd. 

Cherry-Burrell Corporation of Canada, Ltd. 

Toronto, 2 and Brockville, Ontario 

B. 25th St. Export Office; 30 Church Street, New York Ci Tama, lowa 


Little Falls, 20 


Peoria, 
Mitwaukee, 3002 B 


St. Poet 1139 Penn Ave. 
SW 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE JOURNAL OF Darry ScIENCE is issued bi-monthly, appearing in January, March, 
May, July, September and November. Each volume will consist of approximately 
500 pages. Subscription is by the volume only and not by the year. One volume a 
year is issued at present. 

Twenty-five reprints without covers of articles will be furnished gratis to contributors 
when ordered in advance. A table showing cost of additional reprints with an order 
slip is sent with proof. 

Manuscripts should be typewritten and carefully revised before submission and 
should be sent to Prof. A. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. 

Correspondence concerning business matters should be addressed to The Williams & 
Wilkins Company, Publishers of Scientific Journals and Books, Mount Royal and Guil- 
ford Avenues, Baltimore, U. S. A. 
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lishers do not guarantee to supply back issues, however. 
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to furnish the back issues missed, as only sufficient copies are printed of each issue to 
supply orders in hand. 

Claims for copies lost in the mails must be received within thirty days (domestic), 
ninety days (foreign) of the date of issue. Changes of address must be received at 
least two weeks in advance of issue. 
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Collins St., Melbourne (and at Sydney and 
Brisbane). 

For the British Empire, except Australia and 
Canada: Bailliere, Tindall & Cox; 8 Henrietta 
Street, Covent Garden, W. C. 2, London. 

For Canada: Wm. Dawson & Sons, Ltd., 87 
Queen Street East, Toronto. 

For China: Commercial Press, Ltd., Paoshan 
Road, Shanghai China. 


For Germany: B. Westermann, Krausenstrasse 
38, Berlin N. W., Germany. 

For Holland: Scheltema & Holkema, Robkin 
74-76, Amsterdam. 

For Japan and Korea: Maruzen Company, Ltd. 
(Maruzen-Kabushiki-Kaisha), 11 to 16 Nibon- 
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Kyoto, and Sendai, Japan. 
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THE WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Books and Periodicals 
BALTIMORE, U. S. A. 


Publishers of: Medicine, Journal of Urology, Bulletin of the Johns Hopkins Hospital, Journal of Pharmacology and Ex- 
perimental Therapeutics, American Journal of Tropical Medicine, Journal of Immunology, Physical Therapeutics, Journal of 
Industrial Hygiene, Quarterly Review of Biology, Journal of Bacteriology, Annals of the Pickett-Thompson Research Laboratory, 
Journal of Biological Chemistry, Chemical Reviews, Journal of Dairy Science, Sou Science, Social Forces, Personnel Research, 
Journal of Comparative Psychology, Comparative Psychology Monographs, Mental Measurement Monographs, Studies in Psychology 

Occupational Speech, Childhood Education. 


and Psychiatry, Therapy and Rehabilitation, A 
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NAFIS TEST BOTTLES 
and PIPETTES 


are DEFINITE measures of the butterfat you buy— 
therefore it pays you to use the most ACCURATE— 


“AFIS” 
4 distinctive features of NAFIS Glassware: 


ACCURACY Every Nafis Test Bottle is Re- 
tested; a distinct advantage to 
users everywhere. 


QUALITY Nafis Glassware is made from a 
superior grade of pot glass prop- 
erly worked and annealed for 
strength. 


ECONOMY It is the cost per accurate Test 


that measures efficient Buying. 


CONVENIENCE Durable enamel is fired in at 
highest temperature safe for ac- 


curacy of the distinct graduated 
seales before Retesting. 


, 


The NAFIS CATALOG is an instruc- 
tive handbook on the testing of milk 
and its products, containing the latest 
approved directions for many tests. 
Write for a copy. 


Specify NAFIS Glassware to your jobber 


Do not accept substitutes 


LOUIS F. NAFIS, Inc. 
"Manufacturers of Scientific Glass Apparatus 
for the Dairy Industries 


> 17-23 N. Desplaines Street, Chicago, Il, U. S. A. 
ASK THE MEN WHO USE IT 
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““At no time has the fat 
loss exceeded 1/100 Of 1%” 


CCORDING to the observations of De Laval 
representatives, who each year visit thou- 
sands of creameries and milk plants using sepa- 
rators, the majority of operators consider skim- 
milk tests of 3/100 of 1% by the standard Babcock 
method as indicating very good skimming. 
Many claim that the average loss is higher than 
this figure. 


According to users of New Series Factory-Size 
De Laval Separators, it is a rarity to find more 
than 1/100 of 1% fat in the skim-milk coming 
from these machines when employing the standard 
Babcock testing method, For instance, the Arpin 
Milk Products Company at Arpin, Wis., writes: 


**We have used one of your No. 70 New Series 
Separators since May 24th, 1926, and are very 
well pleased with the machine in every respect; we 
are especially well pleased with the skimming 
efficiency as at no time has the fat loss exceeded 1/100 of 1%."’ 


With ordinary usage, the stabilized bow] of the New Series De Laval stays in balance 
indefinitely, thus maintaining its original high skimming efficiency. The new 
Friction Clutch Pulley quickly and automatically brings up to speed the larger moror- 
driven machines on which it is used, reducing wear and conserving the time of the 
operator. A quick-acting brake stops the bow! almost instantly at the end of the 
run. 


It will pay you to find out how much extra profit the cleaner skimming of a New 
Series De Laval will make in your plant. Write for full details. 


THE DE LAVAL SEPARATOR COMPANY 
165 Broadway, New York 600 Jackson Blvd., Chicago 
DE LAVAL PACIFIC COMPANY, 61 Beale Street, San Francisco 


THE DE LAVAL COMPANY, Limirep 
Montreal Peterborough Winnipeg Vancouver 


Laval Separators 
| 
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Year In—Year Out 


at 20°F below Zero! 


The supreme test of an ice cream can con- 
veyor is “Will it work in the hardening 
room?’’ The conveyor shown here has done 
just that for four years, and many other 


Mojonnier Ice Cream 
Conveying Systems 


ure giving equal satisfaction in plants 
scattered all over the world. Some of its 
advantages are: Reduced refrigeration 
losses because of self-closing doors into 
and from hardening room; oiling necessary 
at only one point; saves time and labor. 
We will gladly tell you more about it. 
Write 


Mojonnion Br0s.Co. 


MILK ENGINEERS 
4601 West Ohio St., Chicago, Ill. 


New York, N. Y. 
Oakland, Calif. London, W. C. 2, England 


“‘The man who is totally blind can see as much 
in a darkened cave as in the bright sunlight.’’ 


We are not talking to those who blind their eyes with pre- 
judice, those who refuse to take advantage of improved 
methods and products, but to all others we respectfully call 
your attention to 


KVP Genuine Vegetable Parchment 


wrappers, the wrappers that creameries so highly recommend. 


KALAMAZOO VEGETABLE PARCHMENT CO. 
KALAMAZOO, MICHIGAN 
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and at... 


The CASTLES ICE CREAM Co. 


IRVINGTON, N. J. 


Installation of three 650- 
gal. vertical coil machines 
with Pure Nickel coils and 
linings used for ice cream 
batch mixers and pasteur- 
izers in plant of The Castles 
Ice Cream Co., Irvington, 
N. J., mfd. by JENSEN 
CREAMERY MACHIN- 
ERY CO., INC., Bloom- 
held, N. J. 


atch mixers... 
with Pure Nickel vats and coils 


HEN you install Pure Nickel equipment, you profit by the experience of 
the best known plants in the industry and insure economical, efficient 
operation for years to come. 

Pure Nickel’s long record of safe and satisfactory service is due to its 
unique combination of essential physical properties. It is strong, durable, 
wear-resistant. It resists corrosion. It will not in any way impart a foreign 
taste to the product. Leading authorities maintain that Pure Nickel helps 
lower bacteria counts. In addition, Nickel’s smooth, lustrous surface renders 
dairy equipment easily cleanable. It is'modern and sanitary in every respect. 
In considering new equipment don’t fail to investigate the advantages of 
Pure Nickel. Consult your regular manufacturer or write direct for complete 

information about Pure Nickel dairy equipment. 


SEND FOR TECHNICAL PUBLICATION NO. 192 


ene THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK, N. Y. 
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GET THE FACTS ON THE 


FAUDLER 
GLASS-LINED 
AUTOMATIC 
CONTINUOUS 

HOLDER Aefore 


New Pfaudler Glass-Lined Automatic Continuous 
Holder at Borden Farm Products Co., Newark, N. J. 


Summary — 


HE Pfaudler Glass-Lined Automatic Coutinuous 

Holder, is the only machine that is positive in 
every way. It provides a continuous flow of milk, pas- 
teurizing every drop, and doing so with a minimum 
movement in the product itself, through a machine 
that is the easiest to clean and operate. Every cycle 
of operation is constant, as the machiue cannot be 
forced. The control mechanism is separate from the 
milk flow and the entire system is closed. In short, 
the Pfaudler Holder eliminates the weaknesses of 
other types, which is a fact fully supported by the ex- 
cellent results users have been obtaining. Send for 
Catalog 695! 


Omo-cH 


< 
= 


Some of the outstanding features have been depicted 
in a series of six attractive folders, which we shall be 
glad to send you on request. 


THE PFAUDLER COMPANY 


DAIRY DIVISION oo ROCHESTER, N. Y. 


NEW YORK ELYRIA, O. CHICAGO SAN FRANCISCO 
8 West 40th St. Pfaudler—Elyria Div. 1442 Conway Bldg. 122 New Montgomery St. 
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ARTHUR CHRISTOPHER BAER 


: 
: 


Arthur Christopher Baer 


1884-1929 


The passing of Arthur Christopher Baer at Stillwater, Okla- 
homa, on the seventh day of January, nineteen hundred twenty- 
nine, is a great loss to all who are interested in the dairy industry 
throughout the United States and the world. 

Thirteen years ago, Professor Baer, then instructor at the 
University of Wisconsin, was asked to come to the Agricultural 
College of Oklahoma to assume head of the Dairy Department. 
During these past years he worked untiringly to advance the 
cause in which he was so much interested and in which he was so 
well equipped with knowledge and experience. 

In his young manhood, Professor Baer studied under some of 
the outstanding men in the dairy industry; notably, Dr. Babcock, 
Dean Henry and Professor Farrington. In the later years of his 
life he was looked upon as an authority—particularly in the 
manufacture of ice cream—having written a number of publica- 
tions on the subject. For several years his health had been fail- 
ing but he was reluctant to take the rest urged by both friends 
and physicians. The last year he gave better than his strength 
in superintending and equipping a fine, new dairy building at the 
Oklahoma Agricultural College. It seems very sad that the things 
for which he dreamed and planned all these years should not 
have been completed before his untimely death. 

A magnificant dairy barn and a new creamery building, both 
the results of his efforts, will now stand as monuments to his 
untiring interest in building up the industry of dairying for the 
state he served so faithfully and well. Not alone in these monu- 
ments of brick and stone will his memory be perpetuated but in 
the memory of thousands of students and associates who were 
fortunate enough to enjoy and profit by his teachings and 
writings. 

Arthur Christopher Baer was born in West Bend, Wisconsin, 
February 4, 1884. He died in Stillwater, Oklahoma, January 7, 
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1929; aged 44 years, 11 months and 3 days. He leaves his widow 
and daughter, Virginia, aged 10 years, and three sisters and two 
brothers who reside in Wisconsin. 

He received his education in the West Bend, Wisconsin public 
schools. His collegiate work was taken in the University of Wis- 
consin where he gained recognition as an honor student and ob- 
tained his Bachelor’s degree in 1911. For a short time following 
graduation, he practised dairy farming, later becoming an in- 
structor in the University of Wisconsin where he taught until 
1916. In that year he resigned to accept a position as head of the 
Dairy Department of the Oklahoma Agricultural and Mechanical 
College, which position he heid until his untimely death. 

Professor Baer was active in public affairs. During the World 
War he rendered valuable service in the liberty bond drives. 
He was active in the local chapter of the American Red Cross 
and for sometime served as its chairman. He was a member of 
the Alpha Zeta, honorary agricultural fraternity; Alpha Gamma 
Rho, professional agricultural fraternity, and a 32-degree Mason. 

He was active in the American Dairy Science Association, 
having served as chairman of the Dairy Manufactures Section 
and the Southern Division and as vice-president of the Association. 


THE USE OF EGG YOLK IN ICE CREAM* 
W. H. MARTIN anp W. J. CAULFIELD 


Eggs have long been used in the making of home made and 
French ice cream, and recently the use of dehydrated eggs by 
many ice cream manufacturers has become a common practice. 
Whether or not the regular use of egg yolk in ice cream is justified 
is a debated question at the present time. Unfortunately the 
literature is lacking in information on this particular subject. 
Dahle (1), Turnbow and Rafetto (2), Sommer (3), and others 
have pointed out in a general way some of the benefits derived 
from the use of egg yolk, but for the most part experimental data 
are lacking. 

The lack of information on this subject prompted the writers 
to conduct some investigations to determine what benefits might 
be expected from the use of egg yolk in commercial ice cream. 
The investigation dealt with the effect of egg yolk on the whip- 
ping qualities of mixes and its effect on the body, texture and flavor 
of the resulting ice cream. 


EXPERIMENTAL METHODS 


Commercial dehydrated egg yolk was used, a sufficient quantity 
being purchased so that the same lot of egg yolk powder was used 
throughout. The egg yolk was prepared by dissolving the powder 
in water. A total solids determination, using the method as 
outlined by Mojonnier and Troy (4), was made on this solution 
to determine the percentage of egg yolk solids present. The 
calculated amount of this egg yolk solution was.weighed out on a 
gram scale and added to the mixes prior to pasteurization, with 
one exception to be noted later. 

Fifty pound mixes were made from cream, plain condensed skim 
milk, skim milk, sugar, and gelatine, the correct quantity of each 


* Received for publication November 23, 1928. Contribution No. 61 from the 
Department of Dairy Husbandry, Agricultural Experiment Station, Kansas 
State Agricultural College, Manhattan, Kansas. 
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ingredient being carefully calculated and weighed. The mixes 
were pasteurized at 145°F. for thirty minutes and homogenized 
at 2000 pounds pressure with a single stage Gaulin homogenizer. 
The mixes were cooled to approximately 40°F. by means of a 
surface cooler and aged at that temperature unless they were 
frozen immediately. 

Freezings were made in a Cherry fifty quart brine freezer. In 
all cases the freezer was pre-cooled by freezing a preliminary 
batch prior to freezing any mixes for which data were recorded. 
Overrun determinations were made at minute intervals after the 
first two-minute period by means of a Mojonnier overrun tester 
which was adjusted for each group of mixes studied. The brine 
was shut off in all cases when the mixes reached the desired con- 
sistency for whipping. A pint sample of ice cream from each 
mix was obtained at the freezer at approximately the same over- 
run, placed in the hardening room and later examined for body, 
texture, and flavor. 


EFFECT OF EGG YOLK ON THE WHIPPING QUALITIES OF HIGH SOLID 
MIXES AND ON THE TEXTURE OF THE ICE CREAM 


A group of 7 mixes calculated to contain 12 per cent fat, 12 
per cent serum solids, 15 per cent sugar, 0.4 per cent gelatine, 
and egg yolk varying from 0 to 0.4 per cent were made up, proc- 
essed as previously described and frozen. Two of the 7 mixes, 
one containing no egg yolk and the other containing 0.4 per cent 
egg yolk, were frozen fresh, whereas the remaining five were 
frozen after aging for twenty-four hours. The data relative to 
the freezing of these particular mixes are expressed in table 1. 

The results recorded in table 1 indicate that egg yolk is bene- 
ficial in shortening the time required to obtain the desired yield 
with a mix of this composition. The attention of the reader is 
especially directed to the data in table 1 relative to the two mixes 
which were frozen fresh. A saving of 8 minutes in freezing time 
will be noted in favor of the fresh mix containing 0.4 per cent egg 
yolk as compared with the same mix containing no egg yolk. 
The fresh mix containing no egg yolk whipped very slowly in the 
freezer and before the desired yield was obtained it was too soft 
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to draw from the freezer. The duplicate of this mix, but con- 
taining 0.4 per cent egg yolk not only whipped faster but it 
maintained a relatively firm consistency throughout, so that it 
was in excellent condition for placing in the hardening room at 
the time it was drawn from the freezer. 


TABLE 1 
Effect of egg yolk on overrun and freezing time of fresh and aged mizes calculated to 
contain 12 per cent fat, 12 per cent serum solids, 15 per cent sugar, 
and 0.4 per cent gelatine 
Brine temperature + 4°F. 


PER CENT OVERRUN 
Fresh, 0 0.2 0.3 ed, 0.4 
ization 
minutes 

2 40 23 33 35 25 27 20 

3 50 29 44 45 30 33 26 

4 57 36 47 50 36 41 32 

5 56 40 49 51 41 47 39 

6 53 47 51 52 47 52 46 

7 52 54 54 55 55 58 52 

8 51 70 56 56 61 64 59 

i) 52 77 59 61 71 74 68 
10 56 82 64 70 78 83 78 
ll 60 93 69 76 86 92 84 
12 63 102 75 83 94 100 92 
13 67 80 90 102 98 
14 71 85 98 
15 76 90 
16 79 95 
17 
18 85 
19 89 
20 93 


The data expressed in table 1 indicate that the benefits from 
the use of egg yolk are more apparent when the mixes are frozen 
fresh. It will be noted that as the concentration of egg yolk in- 
creased the freezing and whipping time decreased. A saving of 
4 minutes and a gain of 5 per cent in overrun was effected in the 
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aged mixes through the use of 0.4 per cent egg yolk. It is logical 
to expect that egg yolk should improve the whipping qualities 
of relatively slow freezing mixes of this type. 

To note the effect of adding egg yolk before and after homo- 
genization 0.4 per cent egg yolk was added to one of the mixes 
after homogenization. The mix was then aged twenty-four hours 
and frozen. The data shown in table 1 indicates that it is im- 
portant to homogenize the egg yolk with the mix if the maximum 
benefits are to be secured from its use. 

An examination of the ice cream samples obtained at the freezer 
from each of these mixes at approximately 95 per cent overrun 
showed all samples to be smooth in texture whether egg yolk was 
present or not. The presence of egg yolk could not be detected 
with any degree of certainty from the flavor or appearance of these 
particular samples. In the case of high solid mixes of this type 
very little if any improvement will be noted in the body and 
texture of the product as a result of using egg yolk. On the other 
hand, a considerable saving in freezing time was effected through 
the use of egg yolk with this particular type of mix. 


THE EFFECT OF EGG YOLK ON TEXTURE AND OVERRUN WHEN USED 
WITH MIXES OF LOW TOTAL SOLID CONTENT 


Six individual mixes calculated to contain 12 per cent fat, 8 
per cent serum solids, 15 per cent sugar, 0.4 per cent gelatin, and 
egg yolk varying from 0 to 0.4 per cent were made up and frozen. 
Two of the mixes, one containing no egg yolk and one containing 
0.4 per cent egg yolk, were frozen fresh; whereas the other 4 
mixes were frozen‘after aging twenty-four hours. The freezing 
data relative to this group of mixes are expressed in table 2. 

It will be noted from the data recorded in table 2 that mixes of 
comparatively low total solid content do not show the improve- 
ment in whipping quality when egg yolk is used that is shown by 
the heavier, slower freezing mixes previously studied. Aging 
improved the whipping qualities of these particular mixes to a 
much greater extent than did the use of egg yolk. 

An examination of the ice cream samples obtained from this 
group of mixes, with a low serum solid content, showed that egg 
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yolk did improve the texture of these samples. The ice cream 
samples increased in smoothness in direct proportion to the con- 
centration of egg yolk used. All samples in this group were 
somewhat watery, were lacking in body and did not possess a 
texture which would compare favorably with the heavier mixes 
previously studied. The importance of serum solids upon the 


TABLE 2 
Effect of egg yolk of overrun and freezing time of fresh and aged mizes calculated to 
contain 12 per cent fat, 8 per cent serum solids, 15 per cent sugar, 
and 0.4 per cent gelatine 
Brine temperature + 4°F. 


PER CENT OVERRUN 
minutes 
2 20 19 21 25 21 17 
3 25 20 25 28 22 20 
4 31 22 32 35 30 
5 37 29 43 42 37 43 
6 42 39 50 51 47 53 
7 47 47 62 57 58 65 
8 51 58 69 70 70 76 
9 56 66 78 80 82 86 
10 65 70 86 90 95 96 
ll 73 75 89 100 
12 83 81 97 
13 85 84 
14 87 85 
15 88 91 
16 91 
17 92 


body and texture of the finished ice cream was brought out very 
emphatically by an examination of the samples obtained from 
the freezing of these two groups of mixes reported in tables 1 and 
2, respectively. 

The composition of another group of mixes was 12 per cent 
fat, 13 per cent sugar, 10 per cent serum solids, and 0.4 per cent 
gelatine and egg yolk varying from 0 to 0.4 per cent. The freez- 
ing data relative to this group of mixes are expressed in table 3. 
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All the mixes in this group were aged twenty-four hours prior to 
freezing. 

The data show that egg yolk had practically no influence on the 
time or overrun with this group of mixes. These results further 
substantiate the data recorded in table 2 in showing that the 
whipping qualities of mixes which naturally freeze and whip 
readily are improved but little by the addition of egg yolk. 


TABLE 3 
Effect of egg yolk on overrun and freezing time of mixes calculated to contain 12 per 
cent fat, 10 per cent serum solids, 18 per cent sugar, and 0.4 per cent gelatine 
Brine temperature + 4°F. 


PER CENT OVERRUN 


settee Aged, 0.2 t | Aged, 0.3 t | Aged, 0.4 t 
, 0.2 per cen , 0.3 per cen , 0.4 per cen 
eng eae egg 


minutes 
2 23 28 24 21 
3 31 33 29 27 
4 42 40 38 38 
5 51 48 49 48 
6 56 55 55 55 
7 60 59 61 60 
8 63 63 64 67 
9 71 71 71 74 
10 78 79 81 
ll 87 88 88 91 
12 92 92 94 101 
13 97 101 105 


The body and texture of the ice cream samples obtained from 
this group of mixes were decidedly improved by egg yolk. The 
smoothest and most desirable texture was present in the sample of 
ice cream containing 0.4 per cent egg yolk. 

In the opinion _f the writers egg yolk should never be used to 
correct an improperly balanced mix; nor should it be used to 
correct a mix deficient in solids. A mix of suitable composition 
must be used if a high quality product is to be produced regard- 
less of whether egg yolk is used or not. 

To emphasize the fact that egg yolk is not a substitute for suffi- 
eient solids in the mix, freezings were made with a group of mixes 
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having a comparatively low total solid content. The composi- 
tion of the mix selected was 10 per cent fat, 10 per cent serum 
solids, 13 per cent sugar, 0.5 per cent gelatine, and egg yolk up to 
0.6 per cent. 

It was thought unnecessary to include the freezing data for 
this group of mixes since the data showed only a slight advantage 
in freezing time in favor of the mixes containing egg yolk; how- 
ever, some interesting observations were made as regards the body 
and texture of the finished ice cream. 

Fresh mixes from this group were frozen and it was found that 
egg yolk was extremely beneficial in preventing the watery con- 
dition ordinarily encountered with mixes of this composition 
when frozen fresh. The check mix containing no egg yolk, when 
drawn from the freezer, melted down rapidly at the sides of the 
can and brick pans, a condition that would naturally tend to 
make a coarse, icy product after hardening. Mixes of the same 
composition, frozen under the same conditions but containing 0.4 
per cent egg yolk did not show this watery condition when drawn 
from the freezer. It should be made clear that a mix of this 
composition containing as much as 0.6 per cent egg yolk was very 
inferior from the standpoint of body and texture to the higher 
solid mixes containing no egg yolk. 

The mixes that have been reported thus far, except those given 
in table 3, have been more or less extreme from the standpoint of 
composition; hence a group of mixes were frozen that would more 
nearly represent an average composition. The composition 
selected was 12 per cent fat, 10 per cent serum solids, 15 per cent 
sugar, 0.4 per cent gelatine, and 0 to 0.5 per cent egg yolk. A 
mix of this composition will result in a product of high quality 
if properly frozen and hardened whether egg yolk is present or 
not. The freezing data for this group of mixes are expressed in 
table 4. 

It will be noted from table 4 that the greatest saving in freezing 
time is effected when egg yolk is used with the fresh mixes. There 
was a saving of 4 minutes resulting from the use of egg yolk with 
the fresh mix, whereas there was a saving of only 2 minutes after 
the mixes were aged twenty-four hours. An examination of the 
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ice cream samples from this group of mixes showed that there 
was very little if any improvement in the body and texture of the 
samples resulting from the use of egg yolk. It is questionable 
whether the use of egg yolk can be justified from the improve- 
ment that will result in the body and texture of the finished 
product of aged mixes containing more than 37 per cent total 
solids. 


TABLE 4 
Effect of 0.5 per cent egg yolk on the overrun and freezing time of a fresh and aged 
miz containing 12 per cent fat, 10 per cent serum solids, 15 per cent sugar, 
and 0.4 per cent gelatine 
Brine +5°F. on fresh and +2°F. on aged mix 


PER CENT OVERRUN 
FREEZING TIME 
minutes 
2 20 26 24 
3 35 23 31 28 
4 37 30 38 35 
5 41 38 46 42 
6 45 46 52 50 
7 4s 55 58 58 
8 52 63 62 65 
9 58 67 66 73 
10 62 75 73 80 
ll 66 78 79 84 
12 75 80 86 95 
13 78 81 89 
14 80 89 96 
15 79 
16 85 
17 87 
18 89 


FRESH EGGS CAN BE SUBSTITUTED FOR DRIED YOLK 


Several trials in which fresh whole yolk and fresh whole eggs 
were substituted for the dried yolk, indicated that just as satis- 
factory results could be obtained with fresh eggs as with the dried 
yolk. If fresh eggs of good quality can be obtained it would be 
desirable in many cases to use the fresh eggs in preference to the 
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dried yolk. The price in most cases is the factor that will limit 
the use of fresh eggs. If fresh eggs are used allowance must be 
made for the moisture which they contain in calculating the 
correct number to use. According to Turnbow and Rafetto (2), 
about 72 fresh yolks are required to make one pound of dehy- 
drated yolk; this being the case 36 fresh yolks would be required 
per 100 pounds of ice cream mix to furnish the equivalent of 0.5 
pound of dehydrated yolk in this quantity of mix. 


SUMMARY 


1. The improvement in the whipping qualities of ice cream 
mixes resulting from the use of egg yolk is dependent upon: (a) 
the composition of the mix; (6) the age of the mix, and (c) the 
concentration of egg yolk used. 

2. The whipping qualities of relatively heavy, slow freezing 
mixes are improved to a greater extent by egg yolk than are 
mixes of comparatively low solid content. 

3. Egg yolk facilitates the freezing of fresh mixes irrespective 
of their composition. 

4. The improvement in whipping qualities noted is in most 
cases in direct proportion to the concentration of egg yolk present. 

5. Egg yolk, used in a concentration of 0.5 per cent or less, will 
exert but little or no influence on the body, texture, appearance, 
or flavor of ice cream containing sufficient milk solids and sugar. 

6. An egg yolk flavor was considered objectionable by many 
people and it was most apparent in low solid mixes. 

7. The results reported in this paper probably apply only when 
the same type of freezer, same brine temperature, and mixes of 
the same composition are used that were employed in conducting 
these experiments. 
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THE ABILITY OF ESCHERICHIA COLI AND SERRATIA 
MARCESCENS TO SURVIVE 62.8°C., FOR 
THIRTY MINUTES IN MILK* 


FRED W. TANNER anp MARY F. WINDSOR 
Department of Bacteriology, University of Illinois, Urbana 


The significance of Escherichia coli as an indicator of pollution 
of water has caused enquiry to be made with regard to the possi- 
bility of its use as an indicator of undesirable conditions in other 
fields. It has been proposed at times that, since it is a non-sporu- 
lating species, it might serve as an indicator of efficient pasteuri- 
zation. Such a use of the organism requires that careful studies 
be made with regard to the heat resistance of the species in milk 
before it can be used in such a manner. 


HISTORICAL 


A survey of the literature of the subject leaves one in doubt 
with regard to the pertinence of some contributions. In some 
cases, too little information is given with regard to the organisms 
used, the technic employed and, if data collected with commercial 
pasteurizers are reported, the type of machine used. Ayers and 
Johnson (3) tested the behavior of Escherichia coli at pasteuriza- 
tion temperatures. They used 174 strains isolated from human 
and bovine sources and from dairy products. They found that 
as a general rule these organisms have a low majority thermal 
death point, but that resistant strains occurred which survived 
heating for 30 minutes at 62.8°C. At 60°C. slightly over 50 per 
cent of the cultures remained viable; at 62.8° only 6.89 per cent 
survived. The authors, in conclusion, stated that 62.8° was a 
critical temperature for Escherichia coli, but that heating to 
65.5°C. should certainly destroy it. In view of these results 
they advanced the opinion that the presence of Escherichia coli 
in pasteurized milk which has been held for some time is not an 
indication of inefficient processing but of the multiplication of 
the few cells which survived. However, large numbers of the 
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organisms present in milk immediately following pasteurization 
is evidence of inefficient and insufficient heating. Shippen (9) 
investigated pasteurized and fine quality raw milks in Baltimore. 
He isolated from pasteurized milks 31 strains of organisms of the 
Escherichia coli type. These were subjected to a temperature of 
60°C. for 15 minutes in sealed glass tubes; the survivors, identified 
by their action when inoculated into sterile litmus milk and then 
into lactose broth, were heated at 61°C. for 15 and 30 minutes 
and so on by increasing degrees of heat until they no longer sur- 
vived. Cultures of the strains killed at the initial temperature 
were subjected to decreasing degrees of heat until they survived. 
Of the 31 strains 11 remained viable after 60°C. for 15 minutes; of 
these, one was killed only at 68°C. in 15 minutes and at 65° for 
30 minutes. No culture of Aerobacter aerogenes resisted treat- 
ment at 60° for 15 minutes. These results confirmed the opinions 
of workers cited above that there are found resistant strains of 
Escherichia coli. Shippen concluded that the presence of Escher- 
ichia coli in pasteurized milk is not to be interpreted as an index 
of improper pasteurization nor of subsequent contamination. 

Finkelstein (5) also found 62.8°C. to be a critical temperature 
for Escherichia coli in milk. Since Brown and Gott (4) had stated 
that Endo’s medium could be used to detect Escherichia coli 
in milk and the presence of this organism indicated undesirable 
conditions, Adams and Ward (1, 2) examined certified and pas- 
teurized milk in Detroit and found that many of the lactose fer- 
menters which appeared on Endo’s medium belonged to the coli 
section of the colon-aerogenes group. Prompted by the work of 
Twiss, Tanner and Dubois (11) observed the effect of heat on 
several organisms of the colon-typhoid group among which was 
a strain of Escherichia coli. The strain survived 15 minutes heat- 
ing under the conditions employed. Seeleman (8), using two 
strains, found that they were destroyed in less than 30 minutes 
at from 60 to 63°C. In England, Jenkins (6) stated that an 
effectively pasteurized milk should not contain Escherichia coli 
and that the organism was a valuable index of pasteurization 
efficiency. 

Swenarton (10) studied the Escherichia coli content of milk 
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from 16 pasteurization plants. A satisfactory pasteurization 
temperature was considered to be 143°F., for 30 minutes with 
prompt cooling to 40°F. Swenarton suggested the following 
standard. Five quantities each of 0.1 cc., to be examined and 
of these not more than 20 per cent to show the presence of mem- 
bers of the Escherichia coli group. He further modified the test 
four times when three or more of the five equal 0.1 cc. portions 
constituting a single sample showed the presence of these organ- 
isms. This was not allowed when it occurred in more than 10 
per cent of the standard samples when ten or more were examined, 
or in one standard sample when less than ten samples were 
examined. 

Leete (7) suggested another organism also as an indicator of 
efficient processing of milk—Serratia marcescens (Bacillus prodigio- 
sus). This organism would appear to be very satisfactory, for 
it is readily cultivated on ordinary media, is easily recognized 
by its bright red colonies, and is not hard to eradicate from 
pasteurizing apparatus. In New Jersey an investigation carried 
out by the State Bureau of Food and Drugs, using the ‘‘Serratia 
marcescens’ method described by Leete, demonstrated that over 
90 per cent of the 49 commercial plants examined held the milk 
for less than 30 minutes at the required pasteurization tempera- 
ture (61° to 62.8°C.). The plants tested included 42 systems of 
the ‘“‘continuous flow” type, where the milk was heated in one 
vessel and passed to holding vats the outlets of which were auto- 
matically controlled, and 7 vat systems of the compartment type, 
where the milk was heated and held in the same compartment vat. 


EXPERIMENTAL 


The experiments reported in this paper were made with a 
delicately controlled oil bath. The suspensions of cells in milk 
were placed in sterile Bigelow and Esty tubes so commonly used 
in thermal death point work. The organisms were grown on 
agar slants for twenty-four or forty-eight hours at 37°C.; the 
growth from one slant was washed with about 3 cc. of sterile 
water or physiological salt solution and thoroughly shaken. One 
cubic centimeter of this suspension was inoculated into an Erlen- 
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meyer flask containing 75 cc. of sterile milk. After shaking the 
suspension, 2.5 cc. portions were pipetted into Bigelow and Esty 
tubes which were then sealed. The tubes were placed in the oil 
at the same time and one removed at regular intervals. 


TABLE 1 


Longevity of Escherichia coli (Bacterium coli) in milk heated to 62.8°C. 


SEALED TUBES OPEN FLASKS LITMUS MILK TUBES 
STRAIN 
NUMBER | [nitial number | Survival | Initial number | Survival | Initial number | Survival 

per cc. time per ce. time per cc. time 

Kl 100 ,000 ,000 24 1,000,000 3 2,000,000 24 
K2 75,000 ,000 6 50,000 3 800 ,000 6 
K5 Innumerable 33 Innumerable 30 700 ,000 21 
K10 6,000 ,000 6 50,000 1 1,500,000 1 
K18 50,000 ,000 6 100,000 9 3,000 ,000 6 
K25 5,000 ,000 30 5,000 ,000 9 7,000,000 15 
K38 50,000,000 30 1,000,000 30 5,500,000 15 
WI17 20 ,000 ,000 12 500 ,000 9 6,000,000 18 
W27 50,000 ,000 9 1,000,000 3 Innumerable 9 
W28 40 ,000 ,000 36 2,000 ,000 21 Innumerable 15 
W35 | 800,000,000 9 5,000 ,000 9 4,000 ,000 3 
w40 50,000 ,000 3 700 ,000 3 5,000 ,000 i) 
W56 1,000 ,000 3 200 ,000 1 4,000 ,000 1 
W71 | 200,000,000 1 30,000 3 13,000,000 1 
wos 20,000 ,000 6 1,000,000 3 1,000,000 1 
C3 1,000 ,000 3 250,000 1 1,500,000 1 
C8 10,000 ,000 6 100,000 1 1,500,000 1 
Sl 40 ,000 ,000 6 80,000 1 4,000 ,000 1 
$2 7,000 ,000 3 50,000 3 5,000 ,000 1 
83 20 ,000 ,000 3 1,000,000 1 6,000 ,000 1 
S4 50,000 ,000 6 750 ,000 3 2,500,000 1 
85 25,000 ,000 15 1,000,000 6 5,000 ,000 15 
S6 10,000,000 1 100,000 1 1,000,000 1 


The strains of Escherichia coli designated with the letter K were 
from the human intestine, those with the letter S from sewage 
and those with W from water. The cultures of Serratia mar- 
cescens came from the American Type Culture Collection. 

With the technic used, practically all of the twenty-three cul- 
tures of Escherichia coli (Bacterium coli) were killed in 24 minutes 
or less, in spite of the fact that they were present in numbers 
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much greater than ordinarily occur in milk. The results are 
given in table 1. Notwithstanding the great variation in con- 
centrations or organisms, no regular relation could be observed 
between the time of survival and the number of organisms present. 

Since Serratia marcescens (Bacillus prodigiosus) has been pro- 
posed by Leete as a useful indicator organism, its behavior in milk 


TABLE 2 
Longevity of Serratia marcescens (Bacillus prodigiosus) when heated in milk at 
62.8°C. for thirty minutes 


SEALED TUBES OPEN FLASKS 
STRAIN NUMBER 
Initial number Survival time Initial number Survival time 

60 150,000,000 3 380,000 1 
75,000,000 1 

174 { 75,000,000 1 200 ,000 ,000 1 
Innumerable 1 

181 { 500,000 1 4,000 ,000 6 
45,000 ,000 1 

264 { 5,000,000 1 100 ,000 ,000 2 
100 ,000 ,000 1 

268 { 100,000,000 1 1,000,000 1 
100,000 1 

274 500,000 1 100,000 2 
10,000,000 1 

989 10,000,000 1 150,000 ,000 2 
4,000 ,000 1 

990 4,000 ,000 1 40,000,000 9 


at pasteurization temperatures was made a part of this investi- 
gation. 

The results of the experiments with Serratia marcescens are 
shown in table 2. In the sealed Bigelow and Esty tubes Serratia 
marcescens was killed in a very short time, less than three minutes 
in every instance except one. The longest survival time in the 
open flasks was 9 minutes even with a heavy inoculation. 
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TABLE 3 


Longevity of spore forming lactose fermenting bacteria in milk at 62.8°C. 


INITIAL NUMBER OF CELLS 


STRAIN NUMBER PER CC. SURVIVAL TIME 
minutes 

1,000,000 36 

50,000,000 36 

5,000,000 18 

1a { 6,000 ,000 36 

203 Too many to count 3 

10,000,000 3 

2,000,000 3 

as { 2,000,000 3 
TABLE 4 


Further tests with strains of Escherichia coli (Bacterium coli) found to resist 62.8°C. 


for longer than thirty minutes 


PER CC. 


Innumerable 
24,000,000 
100 ,000 ,000 
7,000,000 


5,000,000 
20 ,000 ,000 
Innumerable 
35,000 ,000 


50,000 ,000 
220 ,000 ,000 
100 ,000 
25,000 ,000 


600 ,000 ,000 
40 ,000 ,000 
75,000 ,000 

100 ,000 ,000 


| 
STRAIN NUMBER SURVIVAL TIME 
33 
12 
24 
18 
30 
15 
K25 21 
30 
30 
30 
K38 24 
21 
) 33 
36 
Ww2s 36 
48 
‘ 
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Since there are lactose fermenting sporulating bacteria which 
have been confused with Escherichia coli, a few tests were made 
with them. The results are shown in table 3. Several of these 
strains were sufficiently resistant to survive 30 minutes heating. 

For the open flask experiments according to the method of 
Twiss whole milk was sterilized and inoculated with about 0.2 
ec. of a 24-hour culture. The flask was immersed to the neck in 
the oil-bath and 1 cc. portions removed at regular intervals. 
Results are shown in table 1. 

Tests were also made following the technic of Ayers. Sterile 
litmus milk tubes were inoculated and submerged in the oil bath. 
At regular intervals a tube was removed, chilled in ice water and 
incubated at 37°C. Results are shown in table 1. 

The experiments up to this point showed that among the 23 
strains of Escherichia coli used there were several which survived 
30 minutes exposure to a temperature of 62.8°C. in milk. Since 
the organism does not form spores, such a resistance to heat is 
unexpected. The four resistant strains were then examined 
again in different concentrations of cells. Results are shown in 
table 4. 


CONCLUSIONS 


The foregoing experiments on cultures of Escherichia coli 
(Bacterium coli) show that most of the strains are destroyed by 
heating at 62.8°C. for less than 30 minutes. The four cultures 
found in one or more tests to withstand 30 minutes were isolated 
either from feces or from water condemned for drinking pur- 
poses. All the strains from sewage and from commercially pas- 
teurized milk were found to be killed in 15 minutes or less. Be- 
yond this there seems to be no correlation between source and 
resistance of the cultures. 

The markedly high death rate of Serratia marcescens (Bacillus 
prodigiosus) at pasteurization temperatures is regarded by the 
authors as a serious objection to the use of this organism. It is 
true that the recovery of the organism from milk which had been 
passed through a pasteurizer would indicate insufficient heating. 
On the other hand, failure to find the organism, on the basis of 
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data reported in this paper, might not indicate a heating period 
much longer than ten minutes, a period too short to yield safe 
milk. It is probably impossible to secure an organism which 
will satisfy all of the requirements. 


SUMMARY 


Of the 23 cultures of Escherichia coli (Bacterium coli) studied 
only one was found repeatedly to withstand heating in sealed 
tubes for 30 minutes at 62.8°C., the temperature of experiment. 
This one strain was found to survive only 21 and 30 minutes in 
open containers. 

Of the 8 strains of Serratia marcescens (Bacillus prodigiosus) 
tested none survived heating for more than nine minutes by any 
of the methods used. 

Of the four sporous, lactose-fermenting forms two were found 
very resistant both in twenty-four hours and in seven-day old 
cultures; the other two strains were destroyed in three minutes 
in both cases. The strain which formed spore-like structures 
after a few days’ incubation was no more resistant in a week-old 
culture than in a twenty-four hour culture, being killed within 
three minutes at 62.8°C. in either case. 

On the whole, results by the three methods of treatment—in 
sealed tubes, in open flasks, and in litmus milk tubes—checked 
fairly closely. The actual time of survival was in most cases 
shorter in the open flasks than in the sealed tubes. No constant 
relation could be observed between the concentration of organ- 
isms and the time of survival. 

Although neither the Escherichia coli (Bacterium coli) cultures 
nor the Serratia marcescens (Bacillus prodigiosus) strains used 
proved to be very good as indicators of efficiency of pasteuriza- 
tion by the holder process, for several reasons the Escherichia coli 
(Bacterium coli) would probably prove to be more accurate as 
such an indicator. It seems fair to assume, in view of the results 
obtained, that Escherichia coli, in concentrations in which it 
occurs in milk, would be destroyed by exposure to 62.8°C. for 30 
minutes, yet there is always the possibility of encountering resist- 
ant strains or cultures containing some resistant cells. 
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SOME FACTORS AFFECTING THE FAT CLUMPING 
PRODUCED IN MILK AND CREAM MIXTURES 
WHEN HOMOGENIZED* 


F. J. DOANt 


Department of Dairy Husbandry, Pennsylvania Experiment Station, State College, 
Pennsylvania 


That homogenization of cream and ice cream mix leads in most 
cases to a clumping of the small fat globules produced by the 
process, is quite well established. Mortensen (1), Martin and 
Dahle (2), Sherwood and Smallfield (3), and Reid and Moseley 
(4) have published accounts of experimental work wherein this 
fat-clumping phenomenon has been definitely noted. These in- 
vestigators also interpret differences in viscosity between simi- 
larly processed products as being due to differences in the degree 
of such clumping or to variations in the size of the clumps formed. 
The writer (5) found an explanation for the enhanced creaming 
ability of the so-called “‘viscolized milk” in the fact that such 
milk contains clumps of small fat globules produced by the visco- 
lizer or homogenizer. Reid (6) in a later report further states 
that the clumping effect is not influenced by changes of the pres- 
sure of homogenization. Workers at the Iowa Station (7) report 
a substantiation of this finding and in addition assert that clump- 
ing is not affected in any definite manner by the fat content of 
the cream and ice cream mixes processed. Very recently Hening 
(8) has found that the presence of sugar in ice cream mixes at 
the time of homogenization increases the extent of fat-clumping 
compared with that exhibited by mixes processed prior to the 
addition of sugar. He also notes the fact that the fat in milk 
mixtures containing low percentages of fat, tends to clump less 
than in mixtures of high fat content. Webb and Holm (9) also 

* Received for publication November 19, 1928. Publication authorized by 
the Director of the Pennsylvania Agricultural Experiment Station as Technical 
Paper No. 461. 

+ Assistance in preparing and processing many of the mixtures used was ren- 
dered by H. V. Green. 
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recognize the factor of fat-clumping and in their study of cream 
feathering suggest that the phenomenon may be due to changes 
of potential at the fat globule-plasma interface. 

The study reported here was undertaken in an effort to learn 
more about the factors playing a part in the fat-clumping phe- 
nomenon produced by the homogenizer. Several contradictory 
findings are reported in the literature and the actual mechanism 
of the clumping is almost a complete mystery which can only be 
understood when all the possible factors playing a part have been 
thoroughly investigated. The subject is a very complex one. 
The findings here set forth are offered as a further contribution 
to existing knowledge and in no sense as an exhaustive investiga- 
tion of the subject. 


EXPERIMENTAL 
General methods 


In all cases, except as specifically noted, only fresh, unpas- 
teurized cream, milk, and skimmilk were used in this study. The 
mixtures were prepared from cream standardized with milk or 
skimmilk to the desired composition as near as could conveniently 
and quickly be done after which in most cases the exact analysis 
for percentage of fat and plasma solids was obtained by standard 
Mojonnier methods, although in a few cases where fat only was 
determined, the Babcock method was employed. The study was 
made only on mixtures ranging in fat content from about 3 to 
16 per cent. A Union Steam Pump Company Viscolizer of 200 
gallons per hour capacity was used in all cases, special precau- 
tions being taken to assure accurate pressures and accurate sam- 
ples of the processed mixtures. In all cases, unless otherwise 
stated, the mixtures were processed immediately at 38°C. (100°F.) 
to which point they were quickly warmed after standardizing and 
were subjected to a pressure of 3500 pounds. 


Microscopic methods 
It was realized at once that some uniform method of examining 


samples for the comparative degree of clumping of the fat was 
necessary. Considerable time was devoted to a study of this 
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phase of the investigation using microscopic methods entirely. 
The effects of various dilutants and methods of diluting, the rela- 
tive value of hanging drops and capillary spaces, as well as a 
comparison of methods of counting and measuring clumps, were 
considered carefully. 

It was found that dilution with water did not change appreci- 
ably the comparative condition of the various samples and since 


Fie. 1. Toe APPEARANCE OF SAMPLES IN ERLENMEYERS 


_ Sample 1. Fat pronouncedly clumped giving a coagulated appearance on the 
side of container. 


Sample 2. Fat-clumping at ‘‘threshhold point,’’ side of container has a faint 
feathered appearance. 


Sample 3. Fat not clumped, no unnatural effect on side of container. 
These three samples are numbers 1, 2 and 3 respectively in Table 8, series B. 


in undiluted samples differences of great magnitude only can be 
detected, the dilution method of examination was used. The use 
of the hanging drop or capillary space for microscopical observa- 
tion were found equally satisfactory but since in the former case 
the samples are more readily prepared, this method was adopted. 

Considerable difficulty was encountered in obtaining a satis- 
factory method for rating the relative degree of fat-clumping in 
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the various samples. Counts of the number of clumps per field 
is difficult due to the fact that the field is not a plane surface of 
one layer and some clumps are partly in and partly out of focus. 
Furthermore, due to gravity, the clumps tend to rise and fields 
change continuously, the upper layers becoming progressively 
more dense with a passage of time. 

Measurement of the clumps is also difficult. The total length 
and greatest width are not entirely satisfactory when volume is 
what is desired. Furthermore, since large clumps rise more 
rapidly than small ones, inaccuracies occur depending on the 
stratum of the drop selected for observation and the time elapsing 
between preparation and observation. 

The method finally used in the experiments is one which es- 
tablishes what is hereafter designated as the “threshhold point of 
clumping.” This may be defined as the point at which the clump- 
ing of the fat is sufficiently in evidence under the microscope to 
be definitely determined by observation with the low power 
objective (16 mm. objective and 10x eye piece—draw tube 
down). This point was found to coincide quite closely with the 
point at which increases in viscosity become easily noted with a 
pipette and stop-watch. It also lies very near the point at 
which a feathering of the processed sample becomes visible on 
the inside glass of the containing vessel (fig. 1). 

The microscopic appearance of a sample at the threshhold of 
clumping is illustrated by figures 2a and 2b. Samples exhibiting 
a degree of clumping greater than at the threshhold (figs. 3a and 


Figs. 2a AND 2b. Microscopic Views OF A SAMPLE (No. 2, TABLE 8, Series B) at 
THE THRESHHOLD OF CLUMPING 
2a. Under low power magnification (16 mm. objective). 2b. Under high 
power (4mm. objective). 


Fias. 3a 3b. Microscopic Views oF A (No. 3, TABLE 8, Serres B) 
Fat-cLumpine To A GREATER DEGREE 
THAN AT THE THRESHHOLD Point 
3a. Under low power magnification (16mm. objective). 3b. Under high power 
(4mm. objective). 


Figs. 4a 4b. Microscopic Views or A (No. 1, 8, Series B) 
ExurBitinG Fat-cLuMPING To a LesseR EXTENT THAN 
AT THE THRESHHOLD POINT 
4a. Under low power magnification (16 mm. objective). 4b. Under high 
power (4mm.). In this case no clumping at all is evident. 
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3b) and lesser than at the threshhold (figs. 4a and 4b) are de- 
scribed in the tables in a comparative manner. 

The average size of the clumps at the threshhold point as above 
defined was found to be 2.964 by 4.84y, these values being the 
average for three different samples which were judged to be at 
this threshhold. These values however are only approximate due 
to the difficulties encountered in measuring noted previously. 

While this method does not give an extremely sharp separation 
of the clumped and not clumped samples yet it was nevertheless 
judged to be best suited for the purpose, inasmuch as only sam- 
ples in the same series are definitely compared in this study. In 
one case however the composition of samples at or near the 
threshhold in several series is compared. The threshhold is a 
rather definite point in all series. 

The dilution of samples in all cases was made at the rate of 
1 cc. of sample to 100 ce. of distilled water for a sample containing 
8 per cent of fat. For samples of other fat content, the amount 
of water was varied to give a corresponding amount of fat in the 
dilution. The dilution was made in a tube and the tube inverted 
twice after which the hanging drop slide was at once prepared 
and observed. 


Emulsion, stability, and clumping 


It has long been recognized that milk or cream subjected to 
homogenization or viscolization will not separate a cream layer 
on standing. This fact is found to be true regardless of whether 
or not the fat is in a clumped or non-clumped condition. If, 
however, such samples be diluted with skimmilk or normal whole 
milk, creaming takes place very readily, the amount of cream 
forming being greater as the degree of fat-clumping is more pro- 
nounced, although as would be expected, samples containing 
unclumped fat diluted with skimmilk form no cream layer. 

Table 1 gives data showing these effects as obtained in one 
characteristic series of several that were studied. In this series 
six samples of various fat content, ranging from 4.2 to 16.1 per 
cent were homogenized. They were examined microscopically 
and portions were allowed to stand in cylinders for 48 hours at 
10°C. (50°F.) for observations as to creaming ability. 
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It will be noted that while variations in the degree of fat- 
clumping ranged from none at all to pronounced clumping, none 
of the samples gave evidence of any creaming tendency whatever 
nor did the upper layers in the cylinders analyze appreciably 
higher in fat content. When, however, the samples were diluted 


TABLE 1 
Clumping and stability of homogenized mixtures. Homogenization pressure 3500 
pounds, temperature 38°C. (100°F.) 


Undiluted 
CREAM LAYER FATIN 
SAMPLE Fat MICROSCOPIC APPEARANCE OF FAT —48 HoUuRS UPPER LAYER 
at 10°C, OF CYLINDER 
per cent per cent per cent 
1 4.2 Well dispersed—no clumps None 4.3 
> 7.2 Clumping tendency None 7.15 
3* 9.5 Evident clumping None 9.7 
4 11.0 Very evident clumping None 11.0 
5 13.5 Prominent clumping None 13.6 
6 16.1 Pronounced clumping None 16.3 
Diluted 
SAMPLE 43 nouns a? 10°C. 
per cent 
1, plus skimmilk to 3 per cent fat...............cccccceeceecees 0.0 
5, plus skimmilk to 3 per cent fat.............cccscccccsccccees 39.0 
6, plus skimmilk to 3 per cont 
* Indicates position of threshold point of clumping in the series—as defined 
previously. 
Line indistinct. 


with raw skimmilk to a uniform fat content of 3 per cent, pro- 
nounced creaming occurred where fat clumps were present, the 
depth of the layer increasing with the degree of clumping. It 
will also be noted that the previously defined threshhold point 
of clumping lies about at the point where the creaming tendency 
on dilution becomes evident. 
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Effect of fat concentration on clumping 


The data in table 1 indicates that when other things are con- 
stant, the degree of fat-clumping increases with the concentra- 


TABLE 2 


The increase in clumping with fat content. Homogenization pressure 3500 pounds, 
temperature 38°C. (100°F.) 


FAT IN MIXTURE MICROSCOPIC APPEARANCE 
Series 1 
per cent 
8.0 Well dispersed—no clumps 
9.5 Evident clumping 
10.5* Very evident clumping 
14.0 Pronounced clumping 
Series 2 
9.4 Clumping not evident 
10.6* Evident clumping 
11.4 Very evident clumping 
12.6 Prominent clumping 
Series 3 
11.8 Very evident clumping 
12.8 Very prominent clumping 
13.9 Pronounced clumping 
Series 4 
ANALYSIS 
MICROSCOPIC APPEARANCE 
Fat Plasma solids Plasma eolids/fat 
ratio 
per cent per cent 
12.91 8.40 0.650 Very evident clumping 
13.80 8.35 0.605 Prominent clumping 
14.18 8.11 0.572 Pronounced clumping 
15.02 Very pronounced clumping 


* Indicates position of the threshold point of clumping in the series. 


tion of fat in the mixtures. In further support of this fact, data 
is given in table 2 showing 4 series of processed samples, in each 
one of which the samples were identical in all respects except fat 
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content and were homogenized and treated in identical fashion. 
The fat content unquestionably is an important factor in the 
clumping of the small globules produced during homogenization, 
especially when the mixture is not far removed from the thresh- 
hold point. The fact that other investigators (7) have not found 
fat content to affect the degree of clumping, must be due to the 
fact that their investigations were concerned with samples show- 
ing very pronounced clumping tendencies wherein only differences 
of great magnitude could readily be discerned. The results given 
here are in agreement with the findings of Hening (8) who states 
that mixtures containing between 5 and 10 per cent of fat clump 
little but who found that mixtures containing higher percentages 
of fat clumped very markedly when homogenized. 


Effect of homogenizing pressure 

It is logical to suppose that the pressure used in the homog- 
enizing process would materially affect the tendency of the fat 
globules to clump, at least pressures up to such a point that in- 
creases would not further subdivide the globules. Very low 
pressures do not give efficient homogenization and therefore 
clumping would be expected to be diminished compared with what 
would obtain for higher pressures. This was found to be the 
case in a number of trials only two of which are here reported in 
table 3. It is not felt that these results need comment even 
though two pieces of research previously referred to (6) (7) are 
not in agreement in the matter. Here again the lack of sub- 
stantiation must be due to the fact that in the previous work the 
mixtures used were too far removed from the threshhold of clump- 
ing or the methods of comparing the degree of clumping unsuited 
to the condition of the samples. It might be mentioned that 
the results shown in table 3 illustrate the effect of fat concentra- 
tion in a somewhat different manner. Sample 2 containing 14.09 
per cent of fat arrived at the threshhold point at 2000 pounds 
homogenization pressure whereas sample 1 with only 12.51 per 
cent of fat required 3000 pounds to produce the same result. 
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TABLE 3 
The effect of homogenizing pressure on clumping. Temperature 38°C. (100°F.) 


PRESSURE USED 


(HOMOGENIZATION) MICROSCOPIC APPEARANCE 


Sample 1. 12.51 per cent fat; 8.04 per cent plasma solids; plasma solids/fat = 0.642 


pounds 
1000 Homogenization poor—no clumps 
2000 Homogenization fair—no evident clumps 
3000* Homogenization fair—evident clumps 
4000 Homogenization good—very prominent clumps 


Sample 2. 14.09 percent fat; 7.86 per cent plasma solids; plasma solids/fat = 0.558 


1000 Homogenization poor—no clumps 

2000* Homogenization fair—evident clumps 

3000 Homogenization good—very prominent clumps 
4000 Homogenization good—very pronounced clumps 


* Indicates position of the threshold point of clumping in the series. 


TABLE 4 
The effect of heated plasma on clumping. Homogenization pressure 3500 pounds, 
temperature 38°C. (100°F.) 
Analysis of samples 


SAMPLE FAT rar COMPOSED OF 
per cent per cent 
1 11.80 7.72 0.654 Raw cream + raw skim 
2 12.13 7.83 0.646 Raw cream + heated skim 
3 13.04 7.69 0.590 Raw cream + raw skim 
4 13.05 7.83 0.600 Raw cream + heated skim 


Condition of fat after homogenizing 


SAMPLE MICROSCOPIC APPEARANCE 
1 Homogenization good—pronounced clumping 
2 Homogenization good—evident clumping 
3 Homogenization good—very pronounced clumping 
+ Homogenization good—prominent clumping 
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Effect of heating the plasma 

It is a well recognized fact that heating milk destroys the 
creaming ability. Palmer and Anderson (10) have shown that 
this effect is even more pronounced when the plasma alone is 
heated and since later work by Troy and Sharp (11) and Orla 
Jensen (12) have quite definitely indicated that creaming ability 
is dependent on the ability of the fat globules to clump and have 
further shown that heating of milk retards or even destroys 


TABLE 5 
The effect of developed acidity on clumping. Homogenization pressure 8500 pounds, 
temperature 38°C. (100°F.) 


per cent 
0.28* Very prominent clumping 
2 0.14 Clumping barely evident 
0.25 Clumping barely evident 
3 0.12 Evident clumping 
0.26 Barely evident clumping 
4 0.11 Pronounced clumping 
0.25 Very prominent clumping 


* Slight precipitation of casein in this sample after homogenizing. 


clumping, it is a natural conclusion to believe that the heating of 
the plasma prevents the clumping. 

Experiments were made to ascertain if this same effect could 
be noted in the clumps produced by the homogenizer. A portion 
of fresh raw skimmilk was divided into two parts, one of which 
was heated to 82.2°C. (180°F.) for 10 minutes and cooled. Fresh 
raw cream containing 53.4 per cent fat was then standardized to 
approximately 12 per cent fat using the raw skimmilk and again 
using the heated skimmilk. Two other mixtures of approxi- 
mately 13 per cent fat were compounded in the same way. These 
four mixtures were then warmed and homogenized as usual. 
Under the microscope reduction in the degree of clumping was 
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plainly evident in the two samples containing the heated plasma. 
Data obtained with these samples is given in table 4. 

This experiment was repeated twice with substantially the same 
results. It might be mentioned that Hening (13) in a very re- 
cent report shows that high temperature pasteurization of ice 
cream mixes (180°F. for 10 minutes) considerably diminishes the 
size and number of fat clumps produced by the homogenizer. 


TABLE 6 
The effect of the plasma solids/fat ratio on clumping. Homogenization pressure, 
3500 pounds, temperature 38°C. (100°F.) 
Four per cent fat mixtures 


SAMPLE FAT SOLIDs/ MICROSCOPIC OBSERVATION 


Series A 


1 3.22 0.66 0.170 | Homogenization good—evident clumps 

2° 3.74 1.54 0.406 | Homogenization good—evident clumps 

3 3.94 2.31 0.586 | Homogenization good—clumps not evident 
4 3.94 3.23 0.820 | Homogenization good—no clumps 

5 4.01 3.98 0.993 | Homogenization good—no clumps 


Series B 


1 4.00 0.88 0.220 | Homogenization good—evident clumps 
2° 4.08 1.67 0.409 | Homogenization good—evident clumps 
3° 3.93 2.37 0.603 | Homogenization good—clumps not evident 


* Indicates threshold point of clumping in the series. 


Effect of acidity 


If electrical effects at the fat globule-plasma interface are to 
any great extent responsible for the fat-clumping phenomenon as 
has been suggested by Webb and Holm (9), hydrogen ion con- 
centration or acidity variations should cause differences in the 
degree of clumping. To note the influence of changes in acidity, 
a portion of four mixtures, exhibiting, when fresh, considerable 
difference in the degree of clumping produced by the homoge- 
nizer, were allowed to ferment slightly and were homogenized in 
identical fashion to the unfermented portions. The two portions 
of the same samples were then compared. The results consti- 


FAT CLUMPING IN MILK AND CREAM MIXTURES 223 


tute table 5 and are difficult to interpret in a positive way. Ap- 
parently acidity has little effect—too little to be shown by the 
method employed. This was somewhat of a surprise as it was 
confidently expected that variations in the acidity (pH) would 
very noticeably affect the ability of a given sample to form clumps 
during homogenization. The results obtained in these trials sug- 
gest the probability that the electrical charge on the fat globule 


TABLE 7 
The effect of the plasma solids/fat ratio on clumping. Homogenization pressure 
8500 pounds, temperature 88°C. (100°F.) 
Eight per cent fat mixtures 


PLASMA 


MICROSCOPIC 
SAMPLE FaT OBSERVATION 


Series A 


per cent | per cent 
1 8.31 3.18 0.382 | Homogenization good—prominent clumps 

2 8.25 4.91 0.595 | Homogenization good—very evident clumps 
3* 8.28 5.72 0.691 | Homogenization good—evident clumps 


4 0.800t| Homogenization good—no clumps 
5 7.78 8.29 1.065 | Homogenization good—no clumps 
Series B 


1 7.94 3.44 0.433 | Homogenization good—prominent clumps 
2 7.85 5.91 0.752 | Homogenization good—evident clumps 
3* 7.81 7.93 1.014 | Homogenization good—no clumps 


* Indicates threshold point of clumping in the series. 
+ Ratio desired. 


plays little part in the clumping phenomenon since the electrical 
charge of colloids and emulsions is materially affected by changes 
in the hydrogen ion concentration of the dispersed phase. The 
results obtained with the four samples are shown in table 5. It 
will be noted that sample 1 was the only sample that gave evi- 
dence of any increased tendency to clump with increased acidity 
and in this case there was a slight but evident coagulation of 
the casein. 


PLASMA 
— 
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TABLE 8 


The effect of plasma solids/fat ratio on clumping. Homogenization pressure, 
3500 pounds, temperature 38°C. (100°F.) 
Twelve per cent mixtures 


var | | SOLIDS/ MICROSCOPIC OBSERVATION 
rat 
Series A 
per cent | per cent 

1 11.03 | 5.96 | 0.540 | Homogenization good—very prominent clumps 
2 11.37 | 7.82 | 0.688 | Homogenization fair—evident clumps 
3* | 11.82 | 10.07 | 0.852 | Homogenization good—evident clumps 
4 11.78 | 12.29 | 1.043 | Homogenization good—no clumps 

Series B 
1 11.90 | 5.73 | 0.482 | Homogenization good—pronounced clumps 
2* | 12.04| 8.87 | 0.737 | Homogenization good—evident clumps 
3 12.30 | 12.47 | 1.014 | Homogenization fair—no clumps 
4 12.88 | 17.07 | 1.325 | Homogenization fair—no clumps 


* Indicates threshold point of clumping in the series. 


TABLE 9 


The effect of the plasma solids/fat ratio on clumping. Homogenization pressure, 
3500 pounds, temperature 38°C. (100°F..) 


Sixteen per cent mixtures 


SAMPLE Far MICROSCOPIC OBSERVATION 
Series A 
per cent per cent 
1 15.60 6.78 | 0.434 | Homogenization good—pronounced clumps 
2 15.50 9.95 | 0.643 | Homogenization good—prominent clumps 
3* 15.93 | 12.72 | 0.798 | Homogenization good—evident clumps 
4 16.13 | 16.12} 0.999 | Homogenization good—no clumps 
Series B 
1 15.26 8.10 | 0.531 | Homogenization fair—pronounced clumps 
15.47 | 11.56 | 0.747 | Homogenization good—evident clumps 
3* 15.55 | 15.37 0.988 | Homogenization good—no clumps 
4 15.43 | 18.86 | 1.222 | Homogenization good—no clumps 


* Indicates threshold point of clumping in the series. 


ooo 
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Effect of amount of plasma solids 


As has already been shown, high fat mixtures give evidence of 
clumping under the conditions used; whereas low fat mixtures 
do not. As a result of studies not given here, it was found that 
the threshhold of clumping usually appears in a series of normal 
mixtures (cream and skimmilk or cream and whole milk) under 
the conditions used, when the fat content reaches about 11 per 
cent. This suggested the possibility that the amount of plasma 


NO FAT RLUMPING WHEN HOMOGEWIZED 


RATIO= FAT TO PLASMA SOLIDS C#) 


CLUMPING OF FAT HOMOBENIZED 


= 74 75 4 76 
PER CENT FAT IW MIXTURES 

5. Per Cent or Fat 1n HomoGenizep Mixtures PLOTTED AGAINST THE 

PiasMaA Souips/Fat Ratio 


Dots represent samples judged to be at the threshhold of clumping. The 

shows a zone above which no clumping of fat occurs, but below which the 

fat globules clump, when mixtures such as were used are homogenized at 3500 
pounds pressure and at 38°C. (100°F.). 


solids compared with the amount of fat might be an important 
limiting factor in the fat-clumping phenomenon. 

In order to study this phase of the subject, many series of sam- 
ples were prepared at different fat levels, each sample in the 
series containing as near as possible the same amount of fat but 
with varying amounts of plasma solids. The materials used in 
making the mixtures were raw cream, raw skimmilk, plain con- 
densed skimmilk (manufactured using as low heats as possible) 
and water where necessary. The mixtures were processed as 
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stated under “methods” in all cases and the samples in each 
series made as nearly as possible from the same products. 

The results of processing two series of samples of approximately 
4 per cent fat are shown in table 6, together with the exact analy- 
sis of these samples and the plasma solids/fat ratio. 

It will be noted that even low fat mixtures can be made to 
clump if the plasma solids are sufficiently reduced. The critical 
ratio for clumping in these series appears to be about 0.400 
although in other trials the value varied from about 0.400 to 
about 0.510 due undoubtedly to factors incapable of being ac- 
curately controlled, or to physical differences in the products 
composing the samples in the different series. 

Tables 7, 8 and 9 show characteristic data of similar nature 
obtained from trials at fat levels of approximately eight, twelve 
and sixteen per cent, respectively. Other series have been omit- 
ted for the sake of brevity. 

In all some fifty series of samples were prepared and observed 
from which it was possible to select 19 samples which were deemed 
to represent the threshhold point of clumping. The fat content 
of these samples is plotted against the ratio of fat to plasma 
solids in figure 5 and a zone indicated which represents the critical 
ratio above which the fat does not clump in homogenized mix- 
tures processed under the conditions used in this study but below 
which clumping occurs to a very evident extent. 

The factor of plasma solids/fat ratio undoubtedly explains why 
clumping takes place in some ice cream mixes and not in others 
when the processing is carried out in the same fashion and throws 
some light on the contrary results obtained by different investi- 
gators studying the behavior of ice cream mixes although of 
course other factors must be considered as well. 


DISCUSSION 


The clumping tendency exhibited by fat globules is evidence 
that there is some attraction between them. What this may be 
is rather problematical but from a review of the existing knowl- 
edge, it can probably best be argued that it is an interfacial 
tension effect. 
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Fat and water interfaces give rise to relatively high interfacial 
tensions and since the magnitude of this free energy can be dimin- 
ished by a decrease in surface area, and a decrease in surface 
area can be brought about by coalescence of the fat globules into 
larger units, the globules must exhibit some tendency to thus 
come together and unite. Indeed in pure water the globules 
would undoubtedly follow this procedure until ultimately a layer 
of fat and a layer of water would be formed presenting the 
smallest interface possible. In milk however there are opposing 
forces which act to neutralize the inter-globule attraction. 

The free energy represented by the fat-globule/water inter- 
face may be reduced in another way from that represented by 
reduction of surface area, namely by the adsorption of surface 
tension active substances present in the water or in the case of 
milk, in the plasma. Colloids as a class are capable of lowering 
energy at surfaces and in milk enough evidence is at hand to prac- 
tically prove that adsorption of the colloids takes place to a 
considerable extent. By mathematical means Troy and Sharp 
(11) have arrived at a thickness of 19m for the adsorbed layer 
although they consider this figure somewhat high. In any case 
adsorption occurs and the free energy is decreased, although evi- 
dently not entirely done away with since the fat globules in 
normal milk tend to aggregate into clumps due to a slight attrac- 
tion remaining. However no coalescence takes place, either 
because the tendency has been so greatly overcome that it is in- 
sufficient to do more than attract the globules together or because 
the adsorbed layer prevents an intimate contact of the globules. 
The later idea is the more logical. 

When milk or cream is homogenized, the normal fat globules 
are divided into from 10 to 100 individuals. This action creates 
an enormous new surface area which, of course, represents a con- 
siderable increase of interfacial tension and which in turn creates 
an increased attraction between globules and a great activity in 
the adsorption of the surface active plasma colloids. If the fat 
content of the product homogenized is low, the divided globules 
will be relatively far apart and before any noticeable amount of 
clumping can occur, the interfacial tension of the globules has 
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been practically neutralized by diffusion of the plasma colloids 
to the surface and adsorption. If however the fat content of the 
product is high, the globules are relatively close together and 
clumping occurs before the adsorption has progressed far enough 
to greatly reduce the inter-globule attraction. In this case fur- 
ther diffusion of the colloids to the interface and adsorption will 
be much greater on the outer surface of the clump than on the 
inner surfaces. This will tend to leave more or less undisturbed 
the attraction between the globules forming the cluster or clump 
and may explain the comparative stability of the clumps. It 
must be assumed that even in the richest creams enough adsorp- 
tion takes place instantly, from the immediately surrounding 
plasma to prevent a coalescence of the globules. 

It might be inferred that in the case of homogenized milk (low 
fat content), where no clumpimg is produced, the individual 
small globules present would clump on aging just as the individual 
large globules do in normal milk. This is not the case however, 
and the only apparent explanation seems to be the much greater 
Brownian movement in the case of the smaller globules which 
more than overcomes the inter-globule attraction. 

The facts brought out regarding the effect of the plasma solids/ 
fat ratio and its affect on the clumping phenomenon can be fitted 
into the hypothesis set forth above as is more or less evident. 
Increases in the amount of plasma colloids would mean more 
available surface active maierial in the immediate vicinity of the 
newly formed surfaces after homogenization which would, of 
course, tend to more quickly overcome the free surface energy 
created and prevent the attraction between globules from being 
so great. In such cases clumping would be greatly reduced 
in amount, if not entirely prevented, depending on the col- 
loid concentration. 

The increase of homogenizer pressure was found to favor clump- 
ing and since such increases in pressure create smaller globules, 
more fat surface and a greater total increase in the amount of 
interfacial tension, the immediately available plasma colloids 
would be more quickly exhausted without reducing the inter- 
globule attraction to so low a degree as would occur with 
lesser pressures. 
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The writer realizes the futility of attempting to explain such an 
undoubtedly complex phenomenon as fat-clumping from the 
standpoint of one effect, and does not intend for this discussion 
to do so. It is only offered as an interesting probability which 
seems to fit fairly well the facts brought out in the study of homog- 
enization and if true or partly true other effects must of course 
not be overlooked. 


SUMMARY AND CONCLUSIONS 


The following statements seem warranted as a result of facts 
brought out in this study of the fat-clumping produced in milk 
and cream mixtures when subjected to homogenization. 

1. Homogenized mixtures, regardless of fat-clumping or the ab- 
sence thereof are stable emulsions, but when diluted with fluid 
skimmilk or whole milk, cream pronouncedly if fat-clumps 
are present. 

2. The clumping of the small fat globules in homogenized mix- 
tures of normal milk and cream is greatly stimulated by increases 
in the fat content and also by increases in the pressure used 
in homogenization. 

3. Changes in the acidity of the plasma have little influence 
on the fat-clumping tendencies exhibited by such mixtures 
when homogenized. 

4. Heated plasma has an inhibiting effect on the production of 
fat-clumps by the homogenizer. 

5. The ratio of the amount of plasma solids to the amount of 
fat in the mixtures processed is a limiting factor in the fat-clump- 
ing phenomenon. There is a critical ratio above which no 
clumping is obtained but below which clumping is evident or 
even pronounced. 

6. Due to many factors which are difficult or impossible to 
control, it is not possible to establish a definite value for the 
critical ratio, since mechanical efficiency of the homogenizer, in- 
dividuality in the physical properties of different samples of milk, 
the fat concentration of the mixture and other undefined factors 
influence the value. 

7. The critical ratio appears to be between 0.60 and 0.85 for 
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mixtures compounded from raw products (with the exception of 
plain condensed skimmilk), warmed to 38°C. (100°F.), homog- 
enized with a Union Steam Pump Company Viscolizer at 3500 
pounds pressure, and of fat concentrations from 8 to 18 per cent. 

8. Similarly treated mixtures containing lower concentrations 
of fat appear to have somewhat lower critical ratios, the values 
for 4 per cent fat mixtures lying between 0.40 and 0.50. 

9. Fat clumping seems to be best explained on the basis of an 
interfacial tension effect although it is realized that the complete 
explanation is probably based on more than one effect. 
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The pioneer investigations of Hess (1) and Steenbock (2) and 
their collaborators have led to numerous studies of the effect of 
ultraviolet rays on various foods, including milk and milk prod- 
ucts, but a search of the literature failed to reveal the results 
of any special attention to the development of the antirachitic 
property by the irradiation of ice cream. A study of the vita- 
mins in ice cream was begun in 1922 by Smith (3), who found that 
vitamin A was present in samples of commercial ice cream, in 
such concentrations that one could conclude that ‘‘no noteworthy 
alteration in its potency was caused by pasteurizing and freezing.” 
Normal growth in rats was induced by one gram of 10 per cent 
fat ice cream and ophthalmia cured by 0.25 gram containing 25 
mgm. of butterfat. Freezing had no effect on vitamin B. Ice 
cream made from pasteurized products, contained little vitamin 
C. Little was known concerning an antirachitic factor, distinct 
from vitamin A, at this time. 


CONDUCT OF EXPERIMENT 


The experiment was carried out during the winter months. 
The dairy products for the ice cream mixes were from cows which 
were in the barn most of the time and were obtained at a time of 
the year when the ultraviolet intensity of the sun’s rays was low. 
Standard ice cream mixes were used, having been previously 
processed according to commercial practices. The only differ- 
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ence in the product was the irradiation given the mix before use 
in the feeding trials. 
TABLE 1 


The effect on rachitic rats of the feeding of irradiated and non-irradiated ice cream 
containing 8 per cent fat 


TREATMENT OF ICE CREAM 
MIX AND PERCENTAGE FED 
(MIX CONTAINED 
8 PER CENT Fat) 


PERCENTAGE BONE ASH OR 
8 INORGANIC BLOOD PHOSPHORUS 
3 PER 100 cc. BLOOD 


GRADE OF TEST 
GAIN IN WRIGHT, 
5-DAY TEST 
PERIOD 
AVERAGE DAILY 


RAT NUMBER 


Bone ash, 28.6 per cent 
Bone ash, 27.0 per cent 


Blood phosphorus, 2.74 


+ 
+ 
+ 

can? 


+ 

+ 

+ 


Four per cent fed. 


Irradiated 10 min- ++ | 60-66 
utes at room tem- + 70-76 Blood phosphorus, 2.05 
perature ++ | 63-72 mgm. 


Eight per cent fed. Bone ash, 26.4 per cent 


Irradiated 10 min- + 59-62) Bone ash, 26.8 per cent 
utes at room tem- ++++/ 60-4 Bone ash, 23.6 per cent 
perature ++++) 57-61 Bone ash, 23.0 per cent 


Ash, 20.8 per cent 


72-78} 8.6 | Ash, 22.4 per cent 
— | 49-55) 6.2 || Blood phosphorus, 1.87 
50-57) 6.4 mgm. 
61-69) 16.6 
Control. At begin- = 63 Bone ash, 24.3 per cent 
ning of test period = 61 Bone ash, 26.8 per cent 


Bone ash, 27.9 per cent 
Bone ash, 22.1 per cent 


? Blood phosphorus, 2.05 
mgm. 


Control. At end of 
test period 


| 


ESS | ESE | ox 


Biological technique 
The biological technique used is similar to that described by 
Bills, Honeywell and MacNair (4) but with the following differ- 
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TABLE 2 


The effect on rachitic rats of the feeding of irradiated and non-irradiated ice cream 
containing 12 per cent fat 
Influence of temperature of irradiation 


GAIN IN AVERAGE 
(MIX CONTAINED 12 PER CENT FAT) BER TEST van ce. 
BLOOD 
grams grams mgm. 
Six per cent fed. Irradiated 679 | M. | ++) 69-73 7.4 
2 minutes. At 15.5°-43.0°C. F. | ++ 65-70 7.0 4.22 
(60°-110°F.) 602 | F. + 54-58 6.2 
680; F. | + | 67-71 6.8 
At 43.0°-62.5°C. (110°-145°F.) 689 | M. | ++ | 86-93 8.8 4.53 
600 | M. | ++ 75-86 9.4 
839| M. | — | 7427 7.2 2.15 
840 F. - 75-80 7.8 
Four per cent fed. Irradiated 841 | M. -- 75-78 7.2 2.13 
2 minutes. At 15.5°-43.0°C. 842 F. - 72-75 7.2 2.23 
(60°-110°F.) 843; M. | + 73-77 7.0 2.06 
715| M. | + 62-68 7.0 
At 43.0°-62.5°C. (110°-145°F.) 716 | F. 63-65 6.8 2.37 
720 | F. 78-84 6.6 
683 | F. - 64-67 7.0 
684 | M. - 59-62 6.4 1.38 
685 | M. | — 71-77 7.8 
Six percent non-irradiated 
928 | M. - 74-83 8.0 
| 929; M. | — | 65-73 7.6 1.54 
930 F. 61-66 6.6 
(| 799 | F. 
800 | M. 
Control. Beginning of test {| 801) F. 
period 802 | M. 
808} M. | — 
794 | M. 
795| M. | — 
Control. End of test period {| 796 | F. 
797 | F. 
798 | M. 


234 w. Cc. RUSSELL, F. C. BUTTON AND O. J. KAHLENBERG 


ences. The stock ration was Sherman No. 13, consisting of two- 
third whole wheat, one-third whole milk powder, and 2 per cent 
of the weight of the wheat as sodium chloride (5), modified by 
the addition of 5 grams of raw beef per day or a meat scrap in- 
corporated in the ration to the extent of 10 per cent, at the pro- 
portional expense of the wheat and milk. The rats were not 
kept in a dark room. The experimental diet for the production 
of rickets was Steenbock’s No. 2965, a high calcium low phos- 
phorus ration (6). Invariably the individuals examined had 
developed rickets at the end of twenty days. That the ration 
and the experimental conditions produced and maintained the 
rachitic condition throughout the five-day test period is demon- 
strated by the records of control animals in tables 1 and 2. Al- 
though it is not a part of the usual procedure, the rats were 
weighed daily during the five-day period to determine whether or 
not those showing a steady and uniform gain had better bone 
calcification, as judged by the Shipley line-test, than those that 
showed gains and losses. Any differences were not marked 
enough to be detected by the Shipley technique. 

The degree of healing was judged primarily by the Shipley 
line test (7) but comparisons were made, on some of the indi- 
viduals, of the line test with the bone ash percentage of the dry, 
extracted femurs (8) and on others with the inorganic phosphorus 
of the blood. The ash of each femur was determined and the 
results averaged. The degree of calcification was determined 
by a published, arbitrary scale of plus signs (9). 


+ Healing rickets, indicating a just perceptible healing. 
++ Healing rickets, indicating a distinct healing. 
+++ Healing rickets, indicating advanced healing. 
++++ Healing rickets, indicating practically a complete healing, the 
amount of calcium being normal and only some structural evi- 
dence of rickets remaining. 


To the above scale the following signs were added in this 
investigation. 


—? Doubtful healing. 
— Severe rickets or no healing. 
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In this experiment a two-plus healing was desired as a cure. 
In order to get the maximum amount of blood in the very young 
rats, it was obtained from the anesthetized animal by cutting 
through the thorax and drawing the blood directly from the heart, 
by a 2 ec. Luer syringe, using needles 21 to 23 bore and 3 to $ 
inches long. The inorganic phosphate content of the blood was 
determined by the Briggs modification (10) of the Bell-Doisy 
method. Citrated plasma was used when a pooled sample was 
obtained but oxalated whole blood was employed when only 
individual samples were available. 


Preparation of ice cream 

The ice cream mixes were pasteurized at 62.5°C. (145°F.) 
for thirty minutes, viscolized at a pressure of 2500 pounds, then 
cooled to the aging temperature 1°C. (34°F .), and allowed to age 
for twenty-four hours. Some mixes were irradiated at the de- 
sired temperature before freezing and others afterward, but this 
difference in procedure had no effect on the antirachitic property. 
They were then stored in brown, stoppered bottles at the harden- 
ing room temperature —23°C. (—9.4°F.) 

For the irradiation 25 to 50 cc. were exposed in a thin film in a 
shallow Pyrex pie dish, 9 inches in diameter, to the radiant energy 
generated by the quartz mercury burner of a Cooper Hewitt 
Uviare Poultry Treater lamp, at a distance of 12 inches for the 
two- and ten-minute exposures.. The exposures were begun at 
room temperature, unless otherwise stated, a slight rise being 
observed as the irradiation progressed. Later, the distance was 
decreased to 4 inches and the time to 15 seconds. The burner 
was operated at 110 volts, A.C., (D.C. equivalent 63 volts). 
The arc wattage was 270 watts. The literature had warned 
against the fishy flavor of irradiated dairy products, due pos- 
sibly to the formation of ozone (11). An attempt was made to 
drive off any ozone by passing an air current from an electric 
fan between the mix and the lamp during irradiation. With ten- 
minute exposures this precaution did not seem to have any 
effect of avoiding the fishy flavor. The flavor with the two- 
minute and fifteen-second exposures was not objectionable even 
without the fan. 
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EXPERIMENTAL RESULTS 


Two groups of rats were fed ice cream mixes, which differed 
with respect to the percentage of fat. Group I received a mix 
consisting of 8 per cent fat, 11 per cent serum solids (solids-not- 
fat), 15 per cent sugar and 0.3 per cent gelatin. Group II re- 
ceived a 12 per cent fat ice cream, a standard used by many of 
the leading ice cream manufacturers in this country. The mix 
was standardized to 12 per cent fat, 11 per cent serum solids 
(solids-not-fat), 15 per cent sugar and 0.3 per cent gelatin. 

Irradiation experiments 

After preliminary trials in which various periods of irradiation 
were used and various percentages of the mix were incorporated 
in the ration, it was found that the desired two-plus healing could 
be accomplished when an 8 per cent fat ice cream, irradiated for 
10 minutes, was fed at a 4 per cent level. Table 1 presents the 
rat records obtained when 4 per cent of this mix was incorporated 
in the ration. The results of feeding an 8 per cent level are in- 
cluded to demonstrate the effect of a higher intake. That the 
non-irradiated ice cream did not cure the rachitic condition is 
amply demonstrated. It is possible, however, that a cure could 
be obtained with a non-irradiated product if a large enough dose 
were fed. 

It is observed from the results in table 2 that with an increase 
in butterfat the exposure time could be reduced to two minutes. 
To obtain the desired two-plus healing, however, the level of 
feeding had to be increased to 6 per cent of the diet. The fact 
that fat globules clumped together, giving the appearance of 
particles of butter, led to the idea of heating the mix so that one 
would get a more fluid condition. By doing this it was thought 
that more surface would be exposed and hence greater activation 
attained. As the temperature at which the ice cream mix leaves 
the viscolizer in a commercial plant is 62.5°C. (145°F.), and a 
little below, some of the mixes were heated to this temperature. 
From the results presented in table 2, apparently the difference 
in the temperature at which the ice cream mixes were irradiated 
has no effect on the antirachitic potency of the product. The 
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problem of the difference in potency for long periods of storage 
of mixes irradiated at different temperatures was left for future 
investigation. The non-irradiated 12 per cent fat ice cream from 
the same batch failed to heal rickets when the rats were given 


TABLE 3 
The curative effect of ice cream irradiated for 15 seconds at 4 inches 
INORGANIC 
GAIN IN AVERAGE BLOOD 
(MIX CONTAINED 12 PER CENT FAT) BER TEST PBRIOD TION par i00cc. « 
BLOOD 
grams grams mgm. 
832 | M. | ++ | 68-73 9.0 
Four per cent fed. Irradiated 833 | M. | ++ / 60-65 7.4 
15 seconds at 4inches. 34° 834 F —? | 55-57 6.2 6.73 
to 37°C. (93° to 98°F.) 835 | M. | ++ | 72-75 8.2 
836 | F + 60-63 6.6 
TABLE 4 
The effect of storage on irradiated 8 per cent fat ice cream 
INORGANIC 
MIX AND PERCENTAGE FED 5-DAY TEST| CONSUMP- PHORUS 
sen vase PERIOD TION PER 100 cc. 
BLOOD 
grams grams mgm. 
(| 666 | F ++ | 6472 8.6 
668 | M ++ 76-86 9.4 
Irradiated 10 minutes, 669 | M ++ 73-81 9.4 2.41 
November 26,  1927.{| 670| F. | +++) 67-74 | 9.0 
Tested, January 26, 1928. 674 | M ++ 76-87 9.8 
Fed at 4 per cent level 675 | M ++ 66-74 8.6 
\| 677| F ++ 66-68 8.2 


a dosage equal to the maximum amount of the irradiated product 
fed. 

The fact that the intensity of light is inversely proportional to 
the square of the distance from the source, led to the assumption 
that one could probably get the same degree of healing when the 
distance was shortened to 4 inches and a 15-second exposure pe- 
riod used. Table 3 shows that a healing was obtained with this 
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distance and with such a short exposure. The temperature of 
the irradiated mix rose from 34° to 37°C. (93° to 98°F.) during the 
fifteen seconds of irradiation, a difference that would have very 
little effect on the antirachitic properties of the product, accord- 
ing to table 2. 


Storage of irradiated ice cream 


It is observed in table 4 that the desired two plus healing was 
obtained after two months of storage at —23°C. (—9.4°F.). The 


TABLE 5 
Comparison of the Shipley line rating and the percentage of bone ash 
SHIPLEY LINE RATING 
‘Begi of 
per cent per cent per cent per cent per cent 
Percentage of bone ash. 24.3 19.4 19.5 19.9 23.0 
average of the two 26.8 20.9 22.0 20.1 24.0 
femurs 27.6 21.0 24.6 23.6 26.4 
32.0 23.2 24.7 25.0 23.6 
26.8 27.0 28.6 
| 2.1 30.9 
27.3 
20.8 29.5 
22.1 
22.3 
22.3 
22.4 
27.9 


records of the animals on this test are to be compared with those 
of Rats 627 and 628 in table 1, which were fed the same irradiated 
mix two months previously, and with those of rats in table 1, 
which received other samples of 10 minute-irradiated, 8 per cent 
mix at the 4 per cent level. : 


Comparison of the line test with the bone ash percentage 


In table 5 are shown the bone ash percentages and the cor- 
responding rating by the Shipley line technique of some of the 


| 
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animals whose records appear in the preceding tables and of 
animals used in preliminary studies, but whose records are not 
reported. The ash of the rachitic rat femurs varied from 20.8 
to 32.0 per cent and that of the healed rats to about the same 
extent. Hence, there is no correlation between the degree of 
healing and the percentage of bone ash. This finding is in agree- 
ment with the results reported recently by Adams and McCollum 
(12). It is suggested that, in as short a period as five days, not 


TABLE 6 
Comparison of the line test and inorganic blood phosphorus values 
LINE TEST ESTIMATED GROUP AVERAGE ee 
mgm. 
Average of 31 animals 
—{ minimum value 1.21 = 1.76 
maximum value 2.23 

1+ 1+ 2.05 
1+ 1+ 2.06 
1+, 1+, 1+, 1+ 3.04 
2+ 2+ 2.13 
2+ 2+ 2.41 
2+, 2+, 2+ 2.39 
1+, 2+, 2+, 2+ 2.74 
1+, 2+, 2+, 2+ 4.22 
1+, 2+, 2+, 2+ 4.53 
— ?, 1+, 2+, 2+, 2+, 2+ 6.37 
2+, 2+, 3+, 2+ 2.89 
2+, 2+, 3+, 2+ 2.41 
2+, 3+, 3+, 3+ 3.78 
2+, 4+, 3+ 4.28 


enough additional calcium and phosphorus are deposited in the 
bones to be detected by the method employed for the determina- 
tion of bone ash. 


Comparison of the line test readings with the inorganic blood 
phosphorus 
Because of the fact that pooled samples were used for the phos- 
phate determination in almost every instance, a direct comparison 
of these results with the individual results of the line test cannot 
be made. 


| 

i 
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Reference to table 6 reveals an increase in the phosphate level 
when a healing has taken place, a fact generally recognized, but 
the amount of the increase is not always in agreement with the 
extent of the cure. Occasionally a rachitic animal will show a 
higher phosphate level than one in which healing has taken place. 
The values shown are not quite as comparable as they would be 
if a substance were being tested which is ingested in small 
amounts, such as cod-liver oil or irradiated ergosterol, because the 
mineral content of the larger doses of ice cream might disturb the 
mineral balance of the ration. Although an increase in the phos- 
phate level generally accompanies a healing of the rachitic con- 
dition, there is only general accord between the two observations. 
These results are in agreement with those of the more extensive 
inquiry of Adams and McCollum (12). 


SUMMARY 


These observations serve primarily as an additional item to 
the evidence which is being accumulated concerning vitamins 
and the food value of ice cream. 

1. From the data presented in this paper it is concluded that 
an irradiated ice cream mix, prepared from winter cream, heals 
rickets in the white rat, whereas the non-irradiated product of 
the same batch of ice cream, fed at a maximum level of 8 per cent 
of the ration, does not produce a healing. 

2. A variation of the temperature of the product during irradia- 
tion between 15.5° and 62.5°C. (60° to 145°F.), does not affect 
the activity of the material. 

3. Freezing and low storage temperature do not affect the 
antirachitic value of irradiated ice cream for at least two months. 

4. A definite correlation was not found between the inorganic 
blood phosphorus level and the degrees of healing as expressed 


in using the Shipley line technique, there being only a general 


accord between the two observations. There is no agreement 
between the results of the Shipley line test and the percentage 
of bone ash. 
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STUDIES ON THE NUTRITIVE VALUE OF MILK 


II. THE SUPPLEMENTARY VALUE OF INORGANIC IRON 
AND COPPER* 


W. E. KRAUSS 
Ohio Agricultural Experiment Station, Wooster 


In a previous paper (1) it was shown that anemia was produced 
in weanling rats from normal mothers in from 4 to 6 weeks, by 
feeding an exclusive whole milk diet. Since it was desired to use 
the exclusive milk method of feeding for comparing the value of 
milk from different sources, it became necessary to search for a 
supplement that would prevent the development of anemia. 
Such a supplement would need to be sufficiently potent to insure 
protection through the addition of a very small quantity, par- 
ticularly if a food substance. If a chemical, it could not be of 
such a nature as to bring about a reaction that would alter the 
original form of the milk. 

For a long time anemia has been attributed to a shortage of 
iron. This is probably due to the fact that iron is found in the 
hemoglobin of most species of animals and that when hemoglobin 
is broken down it yields, among other things, an iron-containing 
radicle. Also, iron is a good carrier of oxygen, and one of the 
important functions of hemoglobin is to carry oxygen to various 
parts of the body. It was natural, then, to turn first of all to 
some source of iron as the necessary supplement. Inorganic 
sources of iron were chosen because of the work of Hart, Elveh- 
jem and Herrin (2), which showed that the ash of lettuce or cab- 
bage corrected anemia, and of Mitchell and Schmidt (3) which 
showed considerable success through the use of certain inorganic 
iron salts. More recent work by Waddell, Elvehjem, Steenbock 
and Hart (4) has confirmed the belief that the antianemic factor 
is inorganic in nature, and further, that copper is essential as a 
supplement to iron for hemoglobin building in the rat (5). A 
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preliminary report by McHargue, Healy and Hill (6) has also 
pointed out the importance of copper in hemoglobin formation 
in the rat. The copper additions in the experiments here re- 
ported were made after the work of Hart and associates (5) was 
made public. 

The technique employed was essentially the same as that al- 
ready described (1). However, instead of applying silver nitrate 
and alum powder to the tail after cutting, a hot spatula was 
applied momentarily. This proved to be much more satisfac- 
tory as it reduced the loss of blood to a minimum. While it was 
found by Elvehjem, Herrin and Hart (7) that the cow’s feed did 
not influence the iron content of the milk, the precaution was 
taken to use milk from the same cows throughout. Milk from 
three cows fed a normal ration and not given access to pasture 
was saved each day and combined for feeding. Samples of milk 
from each cow were analyzed for iron from time to time by the 
method of Elvehjem and Hart (8). While the iron content of 
the milk from each cow ranged from 0.00017 to 0.00035 per cent, 
the average iron content of the combined samples approached 
very closely that reported by Hart and Elvehjem, viz., 0.00024 
per cent. 

As an iron supplement, ferrous sulfate (Baker’s C.P.) was first 
tried. A solution of the salt was made so that 1 cc. of the solu- 
tion contained 0.4 mgm. of iron. This quantity of iron was con- 
sidered by Abderhalden (9) to be sufficient for the requirements 
of the rat. Mitchell and Schmidt (3) found that when 0.4 mgm. 
of iron from an easily available source was added to the diet of 
anemic rats a rapid rise in hemoglobin occurred. Consequently, 
1 cc. of iron solution was incorporated in the milk of each rat. 
The iron addition was made as soon as the rats were placed on 
experiment. It was added to a sufficiently small amount of milk 
in the afternoon to insure complete consumption. Additional 
milk was then fed in the morning. 

The growth curves of the rats receiving the ferrous sulfate 
addition, together with the trend of the hemoglobin content of 
the blood, are given in figure 1. Rat E 147 developed severe 
respiratory trouble shortly after the first hemoglobin determina- 
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Fia. 1. This chart shows that the addition of either ferrous sulfate or ferric 
citrate did not prevent anemia from developing. 

In this and succeeding charts, growth is indicated by the solid lines, and hemo- 
globin (grams per 100 ce. of blood) by the broken lines. 

Fig. 2. Evidently the colloidal nature of the iron fed to this group had no effect 
on the development of anemia. However, all the rats in this group survived 
longer than controls getting no iron supplement, and those getting ferrous sulfate 
or ferric citrate. 
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tion was made and was in such poor condition that no further 
data as to hemoglobin were obtained. The only effect of the 
ferrous sulfate was to reduce slightly the rate at which the hemo- 
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Fie. 3. This chart compares the antianemic potency of ferric chloride and 
colloidal ferric oxide made from ferric chloride. No difference in the efficiency of 
these two forms of iron is apparent. The remarkable effect of the addition of 
copper as copper sulfate is shown by the hemoglobin curves of Rats E 340 and E 
342. 


globin content of the blood decreased. It may be of significance 
that one rat in this group died of respiratory trouble and another, 
E 149, had puffy eyes during the last few weeks of the trial. 
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Similar results were obtained with ferric citrate (Baker’s C.P.) 
figure 1. Respiratory trouble and eye trouble prevailed in this 
group. The conjunctiva became red and swollen and the lids 
were sticky. This condition closely resembled xerophthalmia 
due to a vitamin-A deficiency. It might appear that both fer- 
rous sulfate and ferric citrate tend to induce the “salt ophthalmia”’ 
described by McCollum, Simmonds, and Becker (10) (11), and 
explained by Jones (12) as due to destruction of vitamin A 
through oxidation. Our results are not in accord with those of 
McCollum and associates, who found that when ferrous sulfate 
was replaced by ferric citrate the ophthalmia disappeared. 
Furthermore, ulceration and perforation of the eyeballs has been 
observed in this laboratory in rats on an exclusive milk diet, with 
no iron addition. 

Thinking that the state of the iron might influence its avail- 
ability, a colloidal solution of ferric oxide was prepared and fed 
at the same level and in the same manner as the other iron ad- 
ditions. The results (fig. 2), show that the colloidal nature of 
the iron did not enable it to prevent anemia from developing. 
However, life was prolonged considerably and the rats were in 
better condition than those receiving either ferrous sulfate or 
ferric citrate. 

As a further check on this point a colloidal solution of ferric 
oxide was prepared from ferric chloride and fed to one group of 
rats. Another group of rats was fed a true ferric chloride solu- 
tion of equal iron content. In order to insure an adequate iron 
intake, 0.8 mgm. iron, twice the amount found by others to meet 
the requirements, was fed to each rat. This trial showed no 
advantage in colloidal ferric oxide over ferric chloride (fig. 3). 
It demonstrated also that even with such a high iron intake the 
hemoglobin content of the blood decreased rather rapidly. This 
indicated that some factor other than iron was necessary for 
hemoglobin formation in the rat. 

About this time the information contained in the article by 
Hart and associates (5), was made public. Consequently copper 
sulfate was tried, together with iron, to overcome the anemia with 
which we were concerned. The results of these trials were so 
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Fie. 4. This shows the course of growth and hemoglobin picture on an exclu- 
sive milk diet, the effect of the addition of colloidal iron, and the effect of copper 
alone. The lowest set of curves show that the addition of 0.16 mgm. of copper as 
copper sulfate, without any iron supplement, was sufficient to prolong life and 
bring the hemoglobin up to a high level. A definite explanation of this cannot 
be made. 
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striking that some of them are reported here as confirmatory 
evidence. 

Figure 4 shows the effect of adding iron or copper to an exclu- 
sive milk diet. A control group is shown for comparison. Two- 
tenths milligram iron as colloidal ferric oxide was added to the 
milk fed one group, and 0.16 mgm. copper as copper sulfate to 
the milk of the other group. The addition of iron allowed good 
growth for three months, but did not prevent the hemoglobin 
content of the blood from decreasing. After growth had ceased 
and hemoglobin was at a low level, 0.16 mgm. of copper as copper 
sulfate was added. This resulted in an immediate response, both 
in increased weight and amount of hemoglobin. (Rat E 480 
was killed because of a tail infection). 

The addition of copper alone, on the other hand, not only 
allowed good growth, but caused the hemoglobin content of the 
blood to slowly rise to the normal level. This can not be ex- 
plained on the basis of the iron impurity present in C.P. anhy- 
drous copper sulfate, as the amount of iron as impurity in the 
copper sulfate furnished each rat daily amounted to only 
0.000008 mgm. Since the amount of iron furnished by the milk 
amounted to only 0.10 to 0.20 mgm. it appears that either there is 
a requirement for a very small amount of copper for hemoglobin 
formation, or else the iron present in the milk is made more avail- 
able through the presence of copper. If the second view is cor- 
rect, it follows that the iron requirement of the rat is not as great 
as formerly supposed. If the copper exerts only a catalytic effect 
the amount present in the milk consumed daily, amounting to 
0.025 mgm. (based on an average consumption of 50 cc. of milk 
containing, according to our analysis by the Biazzo method (13), 
0.5 mgm. copper per liter) should exert some effect on the avail- 
ability of the iron in the milk. That more copper than that pres- 
ent in the milk is necessary indicates that copper might perform 
some function other than one catalytic in nature. 

The effect of adding copper to the milk and iron diet of anemic 
rats is strikingly shown in the curves for rats E481 and E482 
(fig. 4) and rats E340 and E342 (fig. 3). This confirms the his- 
toric case described by Hart and associates, and has been ob- 
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served repeatedly in this laboratory without a record of a single 
failure. 

Figure 5 offers further evidence of the supplementary effect 
of copper and iron additions to milk, and shows that the iron 
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Fie. 5. That the addition of 0.2 mgm. Fe rather than the 0.4 mgm. usually 
recommended will allow excellent growth and hemoglobin formation when supple- 
mented with copper is shown in this chart. 


requirement of the rat is certainly no greater than0.4mgm. Just 
as good results were obtained with 0.2 mgm. as with 0.4 mgm. 
additions of iron. 
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DISCUSSION 


While it has long been recognized that the most serious dietary 
deficiency of milk is its low iron content, it would seem that there 
is an equally serious deficiency of copper. It is also apparent 
that for hemoglobin formation in the rat the availability of the 
iron is more important than the amount present and that the 
iron is made more available through the addition of copper. 

Through the addition of a small amount of iron and a small 
amount of copper, it should be possible to use the exclusive whole- 
milk diet of feeding for determining the total nutritive effect 
(aside from reproduction) of milk produced under different con- 
ditions. The growth curves as shown in figure 5 are below nor- 
mal compared to those of our stock rats, but the food intake was 
limited. In spite of the fact that we have kept males and females 
together for long periods on such a supplemented milk diet, no 
offspring have ever been produced.' 


SUMMARY 


Ferrous sulfate, ferric citrate, ferric chloride and colloidal fer- 
ric oxide were found ineffective in preventing anemia in rats when 
added to an exclusive whole milk diet. The addition of a small 
amount of copper (0.16 mgm. daily) as copper sulfate was quite 
effective. The addition of both copper and iron proved highly 
effective in preventing nutritional anemia in rats. This confirms 
the work of Hart, Steenbock, Waddell, and Elvehjem (5). 

The prevention of nutritional anemia in rats fed an exclusive 
milk diet through the addition of small amounts of copper and 
iron suggests a method for determining the total nutritive effect 
(aside from reproduction) of milk produced under various con- 
ditions, without the use of a basal ration. 


1 Since writing the manuscript for this article, Waddell and Steenbock (Jour. 
Biol. Chem., Ixxx, 431-42, 1928) have shown that the vitamin-E potency of a ra- 
tion may be destroyed by treatment with ferric chloride. This may explain the 
reproductive failures encountered here. 
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METALS IN DAIRY EQUIPMENT 


CORROSION CAUSED BY WASHING POWDERS, CHEMICAL 
STERILIZERS, AND REFRIGERATING BRINES* 


O. F. HUNZIKER, W. A. CORDES, anv B. H. NISSEN 
Blue Valley Creamery Company, Research Laboratories, Chicago, Illinois 


In a previous paper entitled “Metals in Dairy Equipment,” 
which appeared in the March, 1928, issue of Ta1s JourNAL (1), 
the results were given of an experimental study of the effect of 
nineteen different metals, plated metals, and metallic alloys, such 
as may be used in the manufacture of dairy equipment, on the 
flavor of milk and milk products and the effect of the dairy 
product on the various metals themselves. 

In the present experiment these same metals were exposed to 
various dairy cleansers, to chemical sterilizers, to neutralizing 
lime, to refrigerating brines, and to successive treatment with 
steam, cooling water, and brine. 

The importance of resistance to corrosion of metallic dairy 
equipment in alkaline washing powders, neutralizers, and chemi- 
cal sterilizers, is self-evident. The cleaning of such equipment 
makes indispensable the use of alkalies, and yet the action of 
these alkalies on the metals must inevitably influence the resist- 
ance to and effect of the metals on the milk product. The life 
of the equipment is an additional important consideration and it 
is to a large extent dependent on the resistance of the metals to 
steam treatment and refrigerating brines. 


EXPERIMENTAL 


Materials used. The laboratory tests included 19 different 
metals, plated metals, and metallic alloys. These metals were 
used in the form of strips 4 inches long and 1} inches wide, and 
were as follows: 


* Received for publication December 11, 1928. 
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Single metals Plated metals Metallic Alloys 
Aluminum* Galvanized iron Allegheny Metalt 
Copper Tinned copper Ascoloyt 
Iron Edges bare§ Enduro Type “‘A’’§$§ 
Nickel Edges tinned** Manganese aluminum 
Tin Copper Retint alloy* 
Zine Tinned iron Monel Metal 

Edges barett Nickel silver 

Edges tinned{t 

Manganese aluminum al- 
loy (aluminum plated)* 


* Furnished by the Aluminum Company of America. The aluminum is the pure 
metal in a soft condition. The manganese aluminum alloy consists of 1.25 per 
cent manganese and the balance aluminum. 

+ Furnished by the Allegheny Steel Company. Ascoloy is an ordinary chro- 
mium steel alloy, containing approximately 12 to 16 per cent Cr, 0.5 percent Si, 0.5 
per cent Mn, 0.025 per cent P, and 0.025 percent S. Allegheny Metal is a chro- 
mium-nickel steel alloy, containing 17 to 20 per cent Cr, 7 to 10 per cent Ni, and 
less than 0.5 per cent Mn, 0.5 per cent Si, 0.025 per cent P, and 0.025 per cent 8. 

t Furnished by the Sorensen Specialty Company. This is copper coated with 
a tin preparation which can be applied to renew the tinned surface without use of 
flux. The tin coating was very heavy. 

The remaining metals were furnished by J. G. Cherry Company. 

§ Represents copper strips the cut edges of which were not tinned. 

** Represents copper strips the cut edges of which were tinned. 

tt Represents iron strips the cut edges of which were not tinned. 

tt Represents iron strips the cut edges of which were tinned. 

§§ Enduro Type ‘‘A’”’ is an ordinary or straight chromium steel containing 
16.5 to 18.5 per cent Cr, 0.5 to 1.25 per cent Si; and less than 0.1 per cent C, 0.5 
per cent Mn, 0.03 per cent S, 0.03 per cent P, and 0.25 per cent Ni. Since com- 
pleting this work our attention was called to other Enduro products, such as 
Enduro 18-8, a chromium-nickel steel. The present experiment refers to Enduro 
Type “a” only. 


Liquids used. The liquids used consisted of suitable solutions 
of such dairy washing powders as special alkali, sodium carbonate, 
Wyandotte, tri-sodium phosphate, Tin Cleaner, Diversol, and 
sodium hydroxide; of chemical sterilizers such as sodium hypo- 
chlorite, Diversol, and chloramine-T; of neutralizing lime; and 
of refrigerating brines, both calcium chloride and sodium chloride, 
variously treated for protection against corrosion. 

Method of procedure. One-half pint Mason jars with glass 
covers were used in all the experiments, each jar containing 130 cc. 
of the liquid under study. This amount of liquid was just suffi- 
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cient to cause the 4 inch strip to be one-half immersed in the 
liquid. The surface exposed to the liquid was 5.5 square inches. 
In the case of the washing powders the time and temperature of 
exposure was 5 hours at 150°F., and for the chemical sterilizers 
it was 5 days at 70°F. In the case of brine the strips were im- 
mersed in cold brine and held in a cooler at approximately 32°F. 
for ten days. A special experiment was also conducted in which 
the strips were first steamed for 2 hours, then held in cold water 
for 2 hours, then in cold CaC}, brine for 2 hours, and then removed 
from the brine, and these brine-wet strips were then held in 
empty, open bottles overnight. This treatment was repeated 
daily for seven consecutive days. Prior to use the metal strips 
were cleaned by washing them in a very dilute solution of tri- 
sodium phosphate. They were then thoroughly rinsed in water, 
wiped dry, dried in a vacuum oven and carefully weighed. At 
the end of the period of exposure the strips were again washed, 
rinsed, dried, and weighed as before. 


METALS IN WASHING POWDER SOLUTIONS 


The washing powders were used in the form of the follow- 
ing solutions: 

0.5 per cent solution of sodium hydroxide 

0.5 per cent solution of special alkali consisting of approximately 
35 per cent NaOH and 62 per cent Na,CO; 

0.5 per cent solution of sodium carbonate 

0.5 per cent solution of Wyandotte Cleaner and Cleanser con- 
sisting of approximately 49 per cent Na,CO; and 36 per cent 
NaHCO; 

0.5 per cent solution of tri-sodium phosphate 

0.16 per cent solution of tri-sodium phosphate 

0.5 per cent solution of tin cleaner, consisting of approximately 
95 per cent NasPQO, and 5 per cent NazCrO, 


The time and temperature of exposure of all solutions was 5 
hours at 150°F. except in the case of sodium hydroxide and tin 
cleaner with which additional tests were also made, with an ex- 
posure for 5 days at 70°F. An additional series of tests with 
specially treated washing solutions was made in the case of the 
aluminum products as described in later paragraphs. 
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At the conclusion of these tests, the change in weight of the 
metal strips, the visible corrosion on the strips and the appearance 
of the liquid were observed. The results are given in tables 1, 
2, and 3. Figure 1 shows the appearance of the metal strips 
after immersion in some of the solutions under study. 

Discussion of results shown in tables 1,2, and 3. In table 1 are 
shown the total weight losses of all the metals arranged according 


TABLE 1 
Total weight losses of metal strips in washing sodas 
TOTAL WRIGHT OF ALL 
A Loss IN Loss IN WEIGHT OF A 
metas | PRODUCTS | METALS |  TIN-COATED 
METALS 

Sodium hydroxide 0.5 per cent 5 hours 

Sodium hydroxide 0.5 per cent 5 days 

Special alkali,0.5 per cent 5 hours 

481.9 371.0 81.1 29.8 
Sodium carbonate 0.5 per cent 5 hours 

Wyandotte 0.5 per cent 5 hours 150°F. 153.6 106.6 36.4 10.6 
Tri-sodium phosphate.0.5 per cent 5 

227 .2 155.6 65.9 5.7 
Tri-sodium phosphate 0.16 per cent 5 

86.3 39.5 32.0 14.8 
Tri-sodium phosphate 0.5 per cent 

with 0.025 per cent chromate 5 hours 


to washing solutions, and the losses suffered by the aluminum 
products and by the tinned metals separately. Tables 2 and 3 
give the individual weight losses and visible corrosion, respec- 
tively, for each metal. 

The corrosion and weight losses totaled greatest in washing 
solutions containing caustic soda, such as the solutions of sodium 
hydroxide and of special alkali, as shown in table 1. The next 
greatest total losses occurred in the case of 0.5 per cent solutions 
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partial immersion 


22.1) 141.7) 17.1 | 16.3 | 9.7 
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Loss in weight of metal strips after immersion in washing powder solutions; 
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.. .{216.3)1, 432.7|136.0 | 35.1 34.8 (51.4 |13.6 (25.1 | 5.0 


* Edges bare (not tinned). 
+ Edges tinned. 
+ indicates gain in weight. 


| | 
| 
| | 
| mgm. | mom. | mgm. | mgm. | mgm. |mom.| mgm. 
.0)141.8 | 35.3 |36.7 [52.6 [13.4 |19.0 | 0.5 
0} 0.7] 0.1/0.0 | 0.5+| 0.2+/ 0.4| 0.3 
8} 2.5 | 11.2| 2.6+/0.9 | 1.3 | 4.2| 1.9 
1} 0.5| 0.6/0.0 | 0.0 | 0.5+/ 1.3] 0.0 
4} 16.9 | 10.9}0.8 |0.2 |9.1 |1.0]0.4 
2.9/4.2 |2.2 | 1.4] 1.6 
9.5) 8.2/8.4 |9.0 |0.3| 0.0 
1] 29.3 | 18.5 10.5 |29.4 {12.0 | 0.2 
7, 2.8/1.8 |0.4+/0.1 | 2.6| 0.5+ 
0} 12.2| 0.0/1.0 | 9.3 | 0.8 | 0.2| 0.44 
13.0 | 11.9/6.8 |10.4 | 9.9 | 2.3] 0.9 
4) 0.2/0.0 |0.3+/0.1 | 1.1] 0.0 
1) 0.4] 0.1/0.0 |0.0 |0.0 | 0.5| 0.0 
0} 0.8| 0.1/0.0 |0.5 | 0.6+| 1.0| 0.0 
8} 0.0} 0.6 | 0.3+| 0.7+| 0.2+/ 0.3 | 0.0 
0.8} 1.5/0.9 | 0.4 | 0.5+| 1.1] 0.7 
0} 93.2 | 27.6 |35.1 [51.6 [12.5 [17.3 |13.4 
| 


TABLE 3 


Appearance of metal strips after immersion in washing powder solutions; 


partial immersion 


| BRS) BS 
ALS | act | & 
| "98 | | | 
| | | | | 
| “> < 
Single metals: | 
cee | cece | cece | cece | cece 
O.K.| t | O.K,| ttt | 
Tee” | | tttt | ttt | tttt 
I cece | | 
| coe (0. > OK. K. 
lok | 0.K. | 0.K. | O.K. 
Tin |e |e | 
| ce c tt tt 
: — | — 
ece | cece ce ee 
| 
Plated metals: 
| | OLK. 
Copper, tinned E. B.. OK. | | — 
eee | cece | cee | ce | ce 
Copper, tinned E. T... & 
eee | cece | eee | cece | ce 
| cee | cee | cee eee | cee 
KK. OLK. | | 
Iron, galvanized.......| O.K.| ¢ |0.K.|0.K | 
eee | cece c | ce 
| e¢ |O.K.| t t t 
I inned E. B.....- — | ——| — | — 
| eee | cece | | cee | O.K. 
Iron, tinned E. T...... | 0.K. | O.K. 
cee | cee | cee | cece | ce 
Al. alloy, Al. plated. .. OR. | O.K.| OK. | 0.K 
cece | cece | cece | ce | ce 
Alloys: 
As — | O.K. | O.K. | O.K. | O.K. 
seoloy O.K. | K | | | 
Allegheny Metal....... | 0.K. | 0.K. | 0.K. | 0.K. 
O.K. | O.K. | O.K. | | O.K. 
Monel Metal.........-- .0.K. | 0.K. 
| | 
t t | t O.K. 
Nickel silver........... - |~—-|0O.K. | | —— 
Al: alloy. ........- O.K.|O.K.) _¢ | | O.K. 
| eeee | cece | | cect | ect 


TRI-SODIUM 
PHOSPHATE 
we 
| | 
| 222 
| 4c8® | 
t | c | 
ittt | cettt | 
O.K tt 
c cc | 
O.K.| | 
t |O.K. | 
O.K. | cece 
t tt 
t | tt 
ce |O.K. 
t |0.K. | 
cee | cee | 
= 
oce ece 
== lost. | 
c | 
* lox.| 
cc | 
O.K. | O.K. | 
‘ce | ce. 
O.K.| t 
tttt | cettt | 
O.K. | O.K. 
O.K. O.K. | 
O.K. | O.K 
o.K. | | 
| 
tt | tt | 
O.K. | | 
O.K. | O.K. 
tttt | cettt 


| 5 hours, 150°F., 
0.5 per cent 
solution 


| 


° 


O.K. = no change. 


e = slightly corroded, ce 


heavily corroded. 


corroded, ccc 


t = slightly tarnished, tt = tarnished, ttt = heavily tarnished. 
The condition of the strip above and below the air-liquid line is indicated by 
the position of the key letter above or below the dash. Thus, tarnished above 


heavily corroded, cece = very 


tt 
and corroded below the air-liquid line is indicated as follows: aa heavily tar- 


ttt 
nished above and heavily corroded below — 
ece 


ete. 
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of tri-sodium phosphate and of sodium carbonate. Wyandotte 
ranked next, while the 0.16 per cent solutions of tri-sodium phos- 
phate and the 0.5 per cent solutions of tri-sodium phosphate 


treated with sodium chromate gave the greatest protection to 
the metals. 


Fig. 1. Meta Strips In SoME oF THE WASHING SOLUTIONS AND BRINES 


In considering these total weight losses it should be noted that 
the large differences in these figures between the various washing 
sodas are due chiefly to the high weight losses of the aluminum 
products and the tin-coated metals. Eliminating the losses suf- 
fered by these metals reveals the fact that the remaining metals, 


as a whole proved comparatively resistant to attack by wash- 
ing sodas. 


NA WYAN> TIN 

NICKEL = 

| 
ALMANG. 
ENDURO 2 
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Thus, as indicated in tables 2 and 3, the chromium-nickel steel, 
Allegheny Metal, and the ordinary chromium steels, Ascoloy and 
Enduro, were practically free from attack. There was no visible 
corrosion and no discoloration on these strips, and the weight 
losses, where there were any, were negligible. The liquids, them- 
selves, also were free from precipitation. Similarly nickel and 
Monel Metal showed very high resistance. In the case of nickel 
silver the weight losses were also very small, but these strips 
suffered marked tarnishing in some of the liquids. Copper in 
most instances lost but little in weight ; however, it tarnished very 
profusely, suggesting that corrosion may have set in, but that 
the resulting weight losses were offset, in part at least, by oxide 
formation on the surface. Iron and galvanized iron were in- 
tensely attacked in the caustic sodas but to a somewhat lesser 
extent in the other washing compounds. The resistance of tin 
lacked in uniformity but was far greater in most cases than that 
of tinned copper and tinned iron. Zine showed the least re- 
sistance of the metals outside of the aluminum products and the 
tin-coated products. The greater corrosion of the tin-coated 
metals than tin itself suggests the probability of electrochemical 
effect, the tin being electropositive to the copper and electro- 
negative to the iron. This suggestion is further strengthened by 
the galvanized appearance of the tinned metal strips, while the 
all-tin strips lacked this characteristic appearance. The effect 
here was to cause the tinned copper and tinned iron strips to 
resemble the surface of galvanized iron, while this change in ap- 
pearance was entirely absent on the all-tin strips, although the 
latter showed marked but uniform corrosion, as shown in figure 2. 

North (2) who studied the attack on metals in much stronger 
solutions of alkaline washing powders, i.e., 3 per cent solutions of 
sodium hydroxide, of Oakite, and of Wyandotte, reports similar 
results as far as the resistance of individual metals and alloys is 
concerned. Thus, he states that “In these tests made with al- 
kali washing powders, all of the metals' showed remarkable re- 
sistance, with the exception of tin-plated steel. The effect of 


1 These tests did not include tinned copper nor aluminum. 


. 
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Oakite, Wyandotte, and even sodium hydroxide was very slight 
on the stainless steels (meaning both ordinary chromium steels 
and chromium-nickel steel) and on nickel and Monel Metal. On 
the other hand, the tin plate showed much greater corrosion to all 
of these alkali preparations.” 


Pure tin Tinned copper Tinned iron 


Fig. 2. GaLvaAnizep Errect or Soprum CARBONATE ON TIN PLATED 
METALS 


Our experiments further demonstrated that the corrosion 
caused by tri-sodium phosphate may be very greatly reduced by 
the addition to the solution of a very small amount of sodium 
chromate (0.025 per cent NasCrO, in the washing solution). 
This was the case even in as strong a washing solution as a 0.5 
per cent solution of tri-sodium phosphate. This corrosion-pro- 
tective effect was very marked in the case of the aluminum 
products and was especially great in the case of the tinned metals. 


| 
| 
| 
J 
| 
| 
| 
| 
| | 
| | 
| | 
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The weight losses of the tin-coated metals in chromate-treated 
tri-sodium phosphate solutions totaled approximately one-twen- 
tieth only of the losses in the same strength solution without 
chromate treatment.? 

Considering the corrosion results given in these experiments 
cognizance should be taken of the fact that the several washing 
powders were used in the form of 0.5 per cent solutions. In ad- 
dition to this 0.16 per cent solutions of tri-sodium phosphate 
were also employed. It is obvious that these washing powders 
differ from one another in their alkalinity and causticity and 
that, therefore, they should not be and in fact are not used in 
solutions of the same percentage strength by weight. Thus, in 
practical plant operation it is customary to use from 0.25 to 0.5 
per cent solutions of Wyandotte Cleaner and Cleanser, approxi- 
mately one-half of this concentration of sodium carbonate, and 
about one-third in the case of tri-sodium phosphate. These pro- 
portions have been found most suitable for general cleaning 
operations and approximately equal in cleaning power. 

In their corrosive action on tin-coated metals also they have 
approximately the same relation to each other, as shown in table 1. 
Thus, 0.5 per cent solutions of sodium carbonate caused 
nearly twice the weight losses of 0.5 per cent solutions of Wyan- 
dotte, and 0.16 per cent solutions of tri-sodium phosphate yielded 
about the same weight losses as 0.5 per cent Wyandotte solu- 
tions, while the metal weight losses in the 0.5 per cent solutions 
of special alkali totaled considerably larger. 

The corrosiveness of the stronger tri-sodium phosphate solu- 
tions, however, was reduced almost to a negligible effect by ad- 
dition to these solutions of 0.025 per cent of sodium chromate, 
as previously pointed out. In a like manner the addition to 
special alkali of 5 per cent sodium chromate reduced the cor- 
rosive action on tin-plated iron approximately 50 per cent. The 


? This preparation, containing principally a combination of tri-sodium phos- 
phate and sodium chromate is patented by the Diversey Mfg. Co., who also claim 
to be its originators. It is manufactured and sold by them under the trade name 
Protex (metallum). In the present article this preparation is recorded under 
the name ‘“‘Tin Cleaner’’ which was its name at the inception of this experiment. 


| 
| 
| 
| | 
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special alkali solution here, as in the case of chromate-treated 
tri-sodium phosphate, contained 0.025 per cent chromate of soda. 
Thus, in a separate set of tests with tinned iron the metal strips 
in the untreated 0.5 per cent solution of special alkali averaged 
a loss of 9.2 mgm., while in the chromate-treated portion of the 
same solution the weight losses averaged 4.2 mgm. 

These results emphasize the importance of careful considera- 
tion in the selection of washing powders, especially for cleaning 
tin-coated dairy equipment, such as milk and cream shipping cans 
and tinned copper surfaces in vats, etc. Thus, the use of caustic 
alkalies rapidly destroys the tin coating while the use of chromate- 
treated tri-sodium phosphate solutions assists materially in solv- 
ing the problem of preserving the tin coating on such equipment. 

Referring to table 2, it will be noted that the weight losses for 
aluminum and aluminum products were greater than those for 
any other metal. This holds true in the case of every washing 
powder studied, and a comparison of the total corrosion weight 
losses of all the metals in all the washing powders, see table 1, 
with the losses of the three aluminum products, shows that the 
weight losses for the aluminum products constituted over two 
thirds of the total weight losses of all the metals combined. Be- 
cause of this intense corrosion of aluminum in alkalies, a special 
series of tests was made with alkaline washing powders variously 
treated for the purpose of determining to what extent such treat- 
ment may be depended upon to protect aluminum products effec- 
tively against corrosion. 

The several washing powders were treated with sodium silicate 
and sodium chromate, respectively. These results are given in 
table 4. 

Discussion of results shown in table 4. Similarly as in the case 
of the results shown in tables 1, 2, and 3, so in this additional ex- 
periment, the aluminum products suffered very severe attack in 
the untreated alkaline washing powders. Here, too, the attack 
on the manganese aluminum alloy was practically equal to that 
on the pure aluminum. In the case of sodium hydroxide, the 
addition of sodium silicate failed to exert any corrosion inhibiting 
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TABLE 4 


Effect of washing sodas on aluminum and manganese aluminum alloy; 


160°F. for 5 hours 


ALUMINUM MANGANESE ALUMINUM ALLOY 
WASHING POWDERS 
mom. mgm. 
Sodium hydroxide |163.0 | Very heavy cor- | 95.4 | Heavy corrosion, 
0.5 per cent rosion and pitting, metal heavily cov- 
metal heavily ered with oxide 
covered with 
oxide 
Sodium hydroxide |433.0 | Very heavy cor- |404.0 | Very heavy  cor- 
0.5 per cent with rosion, absence of rosion, absence of 
silicate 0.05 per oxide, metal oxide, metal dark 
cent bright colored 
Sodium carbonate | 24.9 | Corroded, metal | 41.1 | Corroded, metal 
0.5 per cent covered with covered with 
white deposit brown deposit 
Sodium carbonate | 0.9+| Tarnished 0.6+| Tarnished 
0.5 per cent with 
silicate 0.05 per 
cent 
Tri-sodium phos- | 17.7 | Slightly corroded | 16.1 | Slightly corroded 
phate 0.16 per and heavily tar- and heavily tar- 
cent nished, black nished, black color 
color 
Tri-sodium phos- | 19.6 | Slightly corroded | 18.9 | Slightly corroded 
phate 0.16 per and heavily tar- and heavily tar- 
cent with silicate nished, black nished, black color 
0.05 per cent color 
Tri-sodium phos- | 52.6 | Corroded and heav- | 51.6 | Corroded and heav- 
phate 0.5 per ily tarnished, ily tarnished, 
cent black color black color 
Tri-sodium phos- | 19.0 | Slightly corroded | 17.3 | Slightly corroded 


phate 0.5 per 
cent with chro- 
mate 0.025 per 
cent 


and heavily tar- 
nished, gray color 


and heavily tar- 


nished, gray color 
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effect, in fact, the attack on the metal was greatly augmented 
by such treatment. 

The treatment of sodium carbonate with sodium silicate, how- 
ever, eliminated corrosion entirely, the weight changes being 
negligible and the metal strips showing only a slight tarnish. 
The addition to tri-sodium phosphate of silicate of soda did not 
diminish the corrosiveness of this washing solution, nor did it 
eliminate the blackening of the aluminum product which was 
characteristic of all tri-sodium phosphate solutions on aluminum, 
and which is very objectionable. The treatment of a 0.5 per cent 
solution of tri-sodium phosphate with sodium chromate, while it 
markedly lessened the corrosion and weight losses which occurred 
in the same strength solution without chromate treatment, failed 
to eliminate corrosion entirely. The weight losses here were still 
considerable and the metal strips showed a heavy, grayish tar- 
nish, instead of the jet black tarnish. 

These findings are supported also by Seligman (3) who states 
that “‘soda is detrimental if used without precautions.” He even 
goes so far as to advise that, ‘‘soda can be used with complete 
impunity if a small quantity of silicate of soda is incorporated 
with it.” Churchill (4), however, cautions that ‘‘the real efficacy 
of soda silicate as an inhibitor of corrosion is shown where used 
with normal sodium carbonate. The silicate does not work well 
with bicarbonate, due to the precipitation of a gummy mass of 
silica, incident to the neutralization of the bicarbonate to nor- 
mal carbonate. The inhibitor is also effective with borax, soap, 
etc., and in many cases where the detergent is made of a strong 
base (sodium) with a weak acid (carbonic, boric, stearic, etc.).”’ 

It is evident from our results that the only washing solution 
that furnishes effective protection against damaging attack of the 
aluminum is silicate-treated sodium carbonate. Sodium carbon- 
ate solutions containing 0.05 per cent sodium silicate, as used in 
this experiment, are, therefore, recommended for the cleaning of 
aluminum equipment. For the cleaning of tin-coated equipment, 
on the other hand, the use of tri-sodium phosphate containing a 
small amount of sodium chromate (0.025 per cent Na,CrO,) ap- 
pears to afford the best protection. 
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Partial immersion versus total submersion. Another significant 
point revealed in these experiments that has a direct bearing on 
the control of corrosion in dairy equipment, is that where the 
metal strips were totally submerged the corrosion was far less 


TABLE 5 
Comparison of total immersion and half immersion; weight losses in 
washing solutions 
TRI-SODIUM PHOS- SODIUM CARBONATE, 
PHATE, 0.5 PER CENT 0.5 PER CENT 
METALS 
Total Half Total Half 
immersion | immersion | immersion | immersion 
mgm. mgm. mgm. mgm 

Single metals: 

44.1 52.6 18.3 35.3 

0.2 0.5+ 0.1 0.1 

0.0 0.9 0.0 11.2 

iad 0.0 0.0 0.3 0.6 

nkccccdtiekanictvdekesavasseesed 0.2 1.8 1.1 2.9 
Plated metals: 

Co 0.4 7.8 1.6 16.3 

6.8 9.0 1.2 8.2 

4.9 29.4 5.9 18.5 

0.4+ 0.4+ 0.7 2.8 

7.7 9.3 6.4 10.0 

6.5 10.4 1.7 11.9 

Alloys: 

0.4+ 0.3+ 0.2+ 0.2 

0.8+ 0.0 0.2+ 0.1 

0.7+ 0.5 0.3 0.1 

0.0 0.7+ 0.0 0.6 

0.2+ 0.4 0.0 1.5 

42.4 51.6 5.8 27.6 

than in the case of partial immersion. These results are given 

in table 5. 


Table 5 shows that wherever there was considerable loss of 
weight in the case of the completely submerged strips, the weight 


| 

| 

| 
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losses were greatly increased in the case of the half-immersed 
strips. The appearance of the strips suggested that the greater 
weight losses for the half-immersed strips were due in part to in- 
tensified corrosion at the air-liquid line and in part to added 
corrosion of the portion projecting above the liquid. These find- 
ings are significant in their relation to practical plant operation. 
They suggest that the prolonged holding of washing solutions in 
vats, ete., during cleaning operations and the incomplete removal 
of washing solutions from metal surfaces may greatly magnify 
the corrosive action on metal surfaces and may especially also 
tend to shorten the life of the tin coating in tinned metal equip- 
ment. These findings are corroborated by many experiences 
and observations in the operation and cleaning of milk plant 
equipment. 


METALS IN CHEMICAL STERILIZERS 


Most of the chemical sterilizers used in connection with the 
cleaning of dairy equipment depend for their sterilizing effect on 
the presence of available chlorine. Since free chlorine is an active 
corrosive agent, these chemical sterilizers may constitute an im- 
portant factor in the corrosion of equipment. These facts em- 
phasize the importance of their careful consideration in efforts 
to preserve the life of metal surfaces. 

The chemical sterilizers used consisted of solutions of sodium 
hypochlorite (1 ounce per gallon), Diversol (0.64 ounce per gallon 
and 1.1 ounces per gallon respectively), and chloramine-T (0.1 
ounce per gallon. In addition the effect on the metals of a neu- 
tralizer mix of hydrated calcium magnesium lime, containing two 
pounds of dry lime per gallon of liquid mix, was studied. The 
temperature and time of exposure in all liquids was 70°F. for 
5 days. The metal strips were immersed in these liquids to the 
extent of half of their lengths and all observations were made in 
accordance with the “Method of Procedure” previously given. 
The results are shown in tables 6 and 7. 

Discussion of resulis shown in tables 6 and 7. In table 6 are 
recorded the weight losses of the individual metals in the several 
solutions and table 7 gives the appearance of the metal strips 


| 
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after exposure. These results show that the hypochlorite solu- 
tions were by far the most corrosive of the chemical sterilizers 


TABLE 6 
Loss in weight of metal strips in solutions of chemical sterilizers; partial immersion 
mgm. mgm mgm. mgm mgm. 
Single metals: 
0.8 53.5 33.0 0.2 149.0+ 
ree 1.1+] 0.1 0.5 0.6 18.7 
54.9 0.1 1.6 53.7 27.3 
7.0 0.5+ | 0.9 0.4+ 0.2+ 
29.8 0.3 0.5+ 2.5 0.4 
38.5 8.6 10.5 30.1 13.1 
Plated metals: 
Copper, tinned E. B........... 34.1 0.6 0.6 2.4 1.8 
Copper tinned E. T........... 13.0 0.2+ | 0.9 1.2 7.8 
9.3 0.8 0.3 1.7 4.7 
Iron, galvanized............... 36.7 0.2+ | 13.0 0.0 9.3 
20.2 0.2+ | 0.7 14.3 4.6 
ae 8.0 1.3 1.4 6.1 4.2 
Al. alloy, Al. plated........... 2.2 65.7 33.5 0.1 208 .8+- 
Alloys: 
Allegheny Metal............... 0.0 0.3 0.9 1.6 0.0 
0.0 0.3 0.7 0.5 0.4+ 
reer ree 8.2 0.5 0.3 0.6 1.1+ 
6.0 0.4 1.0 0.7 1.6 
5.6 52.6 30.4 0.4 185.0+- 


* This solution contains 236 parts available chlorine per million. 

+ This solution contains 236 parts available chlorine per million. 

t This solution contains 137 parts available chlorine per million. 

§ This solution contains 222 parts available chlorine per million. 

|| This solution is made from calcium-magnesium hydrated lime containing 
66.5 per cent Ca(OH); and 32.5 per cent MgO. 


studied. The only metals not affected by hypochlorite solutions 
were Allegheny Metal and Enduro. Ascoloy also suffered only 
very slight attack. Aside from these chromium steels all the 
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TABLE 7 
Appearance of metal strips in solutions of chemical sterilizers; partial immersion 
org # ow: 
Single metals: 
O.K. O.K. t t 
ce ect ect ct eccc 
tte t O.K. O.K. t 
co ce O.K. O.K. ce 
| | ox. | OK. | OK 
| ion | ox 
c c c 
ece ce t O.K. 
Zine cece O.K. “eee” cece 
Plated metals: 
cece t tt t O.K. 
Copper, tinned E. B............ z — 
ece t tt t O.K. 
ce t t O.K. 
0.K OK — 
c cc O.K. 
ce c c 
‘ ce c c 
ce O.K. c O.K. t 
Al. alloy, Al. plated........... = = 
Alloys: 
c t 
OK OK 0.K O.K. 0.K 
Allegheny Metal............... O.K. O.K. | O.K O.K. 0.K 
O.K. O.K. | O.K 0.K O.K 
| 0K. | OK. | OK 
ttt | O.K. ttt 
O.K. O.K. ce O.K. ce 
| Mn Al. alloy cee cect ttt cece 


| 
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metals studied suffered more or less intense corrosion and weight 
losses in this chlorine solution. Iron, zinc, galvanized iron, tin, 
and the tin-plated products in the order named here incurred the 
greatest weight losses and corrosion; nickel, nickel silver, and 
Monel Metal also were severely attacked, while copper and the 
aluminum products suffered the least. 

The Diversol solutions, the chlorine content of which also is 
present in the form of sodium hypochlorite, but which in addition 
contains approximately 94 per cent of tri-sodium phosphate, 
proved far less corrosive than the straight hypochlorite. With 
the exception of the losses that occurred in the case of the alumi- 
num products the total losses in the Diversol were comparatively 
small. Being an alkaline product, Diversol did, however, se- 
verely attack the aluminum products. Other metals that suffered 
appreciable weight losses and corrosion in the Diversol solutions 
were zinc and galvanized iron. 

In the chloramine-T solutions iron, zinc, and tinned iron cor- 
roded by far the most. Tin and the tinned copper products 
showed much smaller weight losses and the visible corrosion was 
far less pronounced. The weight losses of the aluminum prod- 
ucts, nickel, copper, Monel Metal, nickel silver, and the chromium 
steels were negligible but there was some visible corrosion of the 
aluminums and of the copper strips, and some tarnish on the 
nickel silver strips, while the nickel, Monel Metal, and the three 
chromium steels, Allegheny Metal, Ascoloy, and Enduro, were 
entirely free from visible attack. In the case of galvanized iron 
there were no weight losses, but the metal strip showed heavy 
corrosion, indicating that while marked corrosion occurred, the 
accumulation of oxidation products on the surface compensated 
for the weight loss caused by the corrosion. 

A comparison of these results with chemical sterilizers suggests 
that the hypochlorite exerted by far the greatest corrosive action 
on the metals, while the weight losses in the case of chloramine-T 
totaled least. In this comparison it should be pointed out, how- 
ever, that the weight losses in the case of Diversol were largely 
confined to the heavy corrosion of the aluminum products in the 
presence of the alkaline tri-sodium phosphate. Eliminating the 
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aluminum products from these totals the Diversol stands out as 
by far the least corrosive chemical sterilizer. This is true es- 
pecially also in the case of the tinned products. 

Allegheny Metal and Enduro showed no visible attack in any 
of these solutions. These were closely followed by Ascoloy, 
nickel, Monel Metal, and nickel silver, in the order named. 
These results are also supported by North (2) who found Al- 
legheny Metal and Enduro highly resistant to hypochlorite solu- 
tions. His results, however, show nickel and Monel Metal to be 
more corrosive than tin-plated steel in very strong calcium hypo- 
chlorite solutions. Quam (5) also found Allegheny Metal and 
high chromium steel to withstand attack of sodium hypochlorite. 

In the neutralizing lime nickel, tin, Monel Metal, nickel silver, 
and the three chromium steels showed no corrosion and the weight 
losses were either negligible or entirely absent. The tinned cop- 
per and tinned iron products suffered considerable weight losses 
and in most cases there was visible corrosion. Iron, copper, 
zinc, and galvanized iron were severely attacked. The aluminum 
products were very intensely corroded and in addition showed a 
heavy accumulation of aluminum hydroxide on the surface, which 
may account for the extraordinary increase in weight in the case 
of these products. 


METALS IN BRINES 


As previously stated the suitability of metals in dairy equip- 
ment is not confined alone to their behavior in milk products and 
washing solutions but is reflected also in their resistance to cor- 
rosion in the presence of refrigeration brine. 

In milk plant operation the sodium chloride brine and the cal- 
cium chloride brine are the principle brines used. When first 
made the sodium brine is usually neutral in its reaction while 
calcium brine is slightly alkaline. When in circulation for re- 
frigeration, however, these brines suffer continuous exposure to 
air. This is accompanied by absorption of carbon dioxide from 
the air, even in the so-called closed systems; this causes the brine 
to gradually become acid in its reaction. 

Thus, in brine systems, in the installation and operation of 
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which no provision was made to guard against contact of the 
brine with air, and where no attempt was made to control the re- 
action of the brine by systematic neutralization of its acidity, the 
authors found such brines invariably acid after being in use even 
for a comparatively short period of time. In another large brine 
system in daily use, which was also under our observation, the 
alkalinity of the brine, after having been brought up to 0.05 per 
cent by addition of NaOH gradually decreased to 0.016 per cent 
in the course of a year’s time. 

This increased acidity intensifies the corrosive action of the 
brine. Hence the degree of acidity that is permitted to accu- 
mulate in the brine obviously plays an important réle in the re- 
sistance of the various metals exposed to such brines. The 
continued operation of steel-jacketed milk and cream tanks used 
for brine cooling furnishes a striking example of this fact. The 
jacket side of these tanks invariably yields to intense corrosion, 
even to the extent of causing leaks, and large quantities of rust 
accumulate on the steel surfaces and on the bottom of the jackets, 
retarding heat and cold transmission. This difficulty has long 
been recognized by refrigerating engineers. Efforts to minimize 
exposure of the brine to air in the circulating system are desirable 
and helpful, but experience has shown that this does not com- 
pletely prevent absorption of carbon dioxide by the brine and 
that the acidity does continue to increase. 

In the present experiment our study of the resistance of the 19 
different metals to brine included both neutral brines and brines 
specially treated for corrosion diminution, such as by the ad- 
dition of alkalies, of sodium chromate, and of sodium silicate, 
respectively. 

Both the sodium and the calcium brines were standardized to 
a specific gravity of 1.17, made neutral to phenolphthalein, and 
divided into four parts each. One part of each brine was used 
untreated, to the second part was added enough sodium hydroxide 
to attain an alkalinity of 0.05 per cent NaOH, to the third por- 
tion was added 0.17 per cent sodium chromate, and to the fourth 
0.13 per cent of a 40° Be. solution of sodium silicate. 

In an additional experiment an effort was made to simulate as 
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TABLE 8 
Loss in weight of metal strips in brines; partial immersion for 10 days at 38°F. 
CALCIUM BRINE, SPECIFIC SODIUM BRINE, at 
@Raviry 1.17 SPECIFIC GRAVITY, 1.17 
METALS = 25 2S ae 
| 48 | | 28 3 | 38 | 
mgm.| mgm. | mgm. | mgm. | mgm.| mgm. | mgm. | mom. | mgm. 
Single metals: 
Aluminum. ... 0.4/15.6+/ 0.4+/ 0.8 3.3/40.6 | 0.0 | 1.0+) 32.0+ 
16.0)14.9 | 9.8 |12.2 | 13.9}0.7 | 7.3 {12.4 1.7+ 
14.4/26.3 |11.0 |11.5 | 29.5/20.9 |21.9 [11.0 (321.8 
| 0.7 | 0.5 0.9'0.0 | 0.4 | 0.0 1.4+ 
3.6, 4.7 | 2.0 | 2.8 2.0:6.7 | 1.7 | 2.5 0.9 
11.9, 9.0 | 7.6 | 8.7 | 17.7/43.0 | 2.5 [35.1 0.8+ 
Plated metals 
Copper, tinned 
4.2)10.5 | 1.7 | 3.4 5.91} 6.2 |0.9 | 4.2 3.0 
Copper, tinned 
7.87.2 11.3 |6.3 8.1/33.1+/ 2.0 | 0.2 2.1 
Copper Retin..... 6.9} 0.1+/ 0.3 | 2.5+) 1.3/73.3 | 1.9 | 0.2 1.1 
Iron, galvanized..| 7.8)/14.7 | 6.6 /13.1 4.6\54.2 |24.8+/70.9 |194.3+ 
Iron, tinned E. B.| 9.7) 5.3 | 1.9 | 6.7 7.5) 4.1 | 3.3 | 2.4 | 12.3+ 
Iron, tinned E. T.| 3.4, 9.3 | 1.8 | 3.6 4.9141.5 {2.2 | 2.2 | 14.1 
Al. alloy, Al. 
0.2/21.3+/ 0.4+/ 0.7 2.9/27.1 | 0.0 | 0.8-+| 18.4+ 
Alloys: 
6.00.5 | 0.8 | 0.7 0.4 | 0.1+) 0.0 0.9+ 
Allegheny Metal..| 0.0/0.0 | 0.5 | 0.0 1.0} 0.8+/ 0.0 | 0.0 0.6+ 
0.0} 0.0 | 0.0 | 0.2 1.4/0.7 | 0.0 | 0.5 7.5+ 
Monel Metal...... 0.5) 0.2+/ 1.4 |10.2 2.9) 0.6+) 0.9 | 0.7+) 7.7+ 
Nickel silver. ..... 0.7;0.5 | 0.8 | 0.6 5.8} 0.2 | 1.0 | 0.3+) 2.44 
Mn. Al. alloy.....| 0.6/21.9+/ 0.2+/ 1.1 2.8/22.6 | 0.0 | 0.1+/ 28.6+ 


* Complete submersion; two-hour exposure each in steam, in water, in brine, 
and 18 hours in air; treatment repeated daily for seven consecutive days. 


Appearance of metal strips after immersion in brine; partial immersion 


TABLE 9 


for 10 days at 33°F. 


CALCIUM BRINE, 


SPECIFIC GRAVITY, 1.17 SPECIFIC GRAVITY 1.17 a 2 
< 
2 
Single metals: 
: O.K. | O.K, | O.K. | O.K. | O.K. | O. O.K 
Aluminum........ | | — | — O.K. | —— | cece 
ce cece c ce t ccce t 
Co O.K. | O.K. | O.K. | O.K. | O.K. | O.K. | O.K. | O.K 
| — | —| — | — —— | —— | ccc 
ce ect ct ce cc ct cc ce 
c ec |O.K.| |0.K.|0.K O.K. | O.K. 
c ce ce ce ce ce ce cece 
O.K. | O.K. | O.K. | O.K. | O.K. | O.K. | O.K. c 
0.K.| 0.K.| OK. OK 0.K.|0.K.| 
Zine £ lox. | | cove | cece | cece | | 
cece | ccc eee ce ec |O.K.| ce 
Plated metals: 
Copper, tinned OX. O.K. O.K. | O.K. 
ce ce c ce 
Copper, tinned O.K. O.K. O.K O.K. | O.K. OK. O.K. 
ce c cc 
Copper Retin. ... OK. 0.K O.K. O.K. | ce 
c cece ce 
0.K. | O0.K. | 0.K. | O.K. | cee ce 
ce cece c ce ce 
Iron, tinned O.K. | O.K. | O.K. | O.K. | O.K. 
Iron, tinned O.K. | O.K. | O.K. | O.K. | O.K. 
ee c ce 
Al. alloy, Al O.K. | O.K. | O.K. | O.K. | 0.K. 
plated c cee t ce t 
Alloys: 
OK. | 0.K.| 0K. 
Allegheny Metal | O.K. | O.K. | O.K. | O.K. | O.K. 
Endaro........... 0.K.|0.K.|0.K os 
Monel Metal... OX. ox 
‘ . O.K. | O.K. | O.K. | O.K. | O.K. 
Mn. Al. alloy O.K. | O.K. | O.K. | O.K. | O.K. 
ce cece t ce t 
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nearly as possible exposure of metal surfaces in practical milk 
plant operation, such as prevails in steel jackets and vat coils, 
used both for heating and cooling of the dairy product. This 
was done by exposing the metal strips successively for two hours 
each to steam, to cooling water, and to neutral calcium brine. 
The brine-wet strips were then held overnight and the same treat- 
ment was repeated daily for seven consecutive days. 

At the conclusion of each experiment the extent of corrosion 
was determined by recording the loss of weight of the metal strips 
and noting the appearance of the strips and of the liquids. 

Results obtained with refrigerating brines. The results in brine 
solutions are shown in tables 8 and 9. Table 8 gives the weight 
losses or gains in milligrams per metal strip exposed. In table 9 
is shown the appearance of the metal strips from the standpoint 
of visible corrosion and tarnish. 

Discussion of resulis shown in tables 8 and 9. A general survey 
of the results given in table 8 shows markedly greater corrosion 
and loss in weight in the case of sodium brines, both treated and 
untreated, than with calcium brines. This difference between 
sodium and calcium brines was greatest with alkaline brines and 
least with the neutral brines. On the basis of loss in weight the 
ratio of corrosion of calcium to sodium brine for all the metals in 
all the brines excepting the alkaline brines was approximately 
1:1.46. In the alkaline brines the ratio rose to 1:2.32. This is 
in part due to the extraordinary corrosiveness of the aluminum 
products in alkaline solutions. The total change in weight for 
all the metals in the different brines used was as follows: 


|= 

mgm mgm. 


The above figures show that chromate-treated brines were least 
corrosive and the alkaline brines most corrosive. It is interesting 
here to point out that the maintenance of alkalinity in brine by 
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the use of lime, caustic soda, or soda ash has long been recom- 
mended in refrigeration practice. Thus, Poste and Donauer (6) 
advise that in order “to keep corrosion at a minimum the alka- 
linity must be greater than 0.1 per cent,’’ and Hull (7) makes the 
following statement: ‘The ideal brine is one which is as clear as 
water. A brine kept properly alkaline will keep cleaner and 
clearer than an acid brine due to the minimized corrosion. 
Hence, the tremendous practical value in the cost of operation 
of keeping the brine properly alkaline.” 

On the other hand, Whitman, Chappell, and Roberts (8) in 
their report submitted to and approved by the A.S.R,E. Corro- 
sion Committee, show that while slight alkalinity in brine does 
diminish its corrosive action, high alkalinity increases the pitting 
tendency of brine. Their recommendations are as follows: 
“Brines should be maintained very slightly alkaline (pH = 9.5) 
or just beyond the color change of phenolphthalein. This is the 
most desirable alkalinity for both iron and zinc in calcium and 
sodium brines. More acid brines cause increased corrosion while 
more alkaline ones cause severe pitting.” 

Although our own experiments were not intended to determine 
the most desirable brine treatment for corrosion prevention, it 
is interesting to note that our results with relatively high alka- 
linity brines appear to indicate that such high alkalinity is not 
entirely desirable. A few experiments with strips of iron, tinned 
iron, and copper, showed that the higher alkalinity cleared the 
brine and that the visible corrosion of the strips appeared to be- 
come less general. However, no consistent differences could be 
observed in weight losses of the iron strips between the neutral 
and alkaline brines. These tests included brines made slightly 
acid by passing carbon dioxide through the liquid, neutral brines 
and brines of the following alkalinities, 0.01, 0.025, 0.050, and 
0.1 per cent. As the alkalinity diminished the solution became 
increasingly rusty red and more rust appeared on the metal strips 
until in the case of the slightly acid brines the solution showed 
very heavy red color and precipitate, and the strips were com- 
pletely covered with rust. This would seem to indicate that the 
greater the alkalinity of the brine the less the corrosion of the 
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metal. However, as mentioned above, the weight losses differed 
very little. Thus, in the alkaline brines the iron strips lost in 
10 days 15.1, 5.6, and 6.6 mgm., respectively. These brines con- 
tained no red precipitate and were water-white, showing only a 
few dark rust specks in the bottom. Three similar strips immersed 
in neutral brines lost respectively 13.4, 6.6, and 5.9 mgm., and 
the brines were all intensely brown and rusty. These results 
with iron indicate that although the alkalinity clarified the brine 
it did not retard nor diminish corrosion of the metal. In fact, it 
tended to intensify localized corrosion as was also shown by Whit- 
man, Chappell, and Roberts (8), and such localized corrosion or 
pitting in the case of highly alkaline brines may well become 
more damaging and objectionable than the more generalized cor- 
rosion in the case of only slightly alkaline brines. 

In the case of the tin strips the alkaline brines caused distinctly 
greater corrosion than the neutral brines. Even an alkalinity 
of 0.025 per cent produced marked corrosion on the tin and the 
corrosion in the presence of 0.05, 0.10, and 0.13 per cent was 
proportionately greater. All alkaline brines appeared to also 
attack the copper. 

Another mechanically objectionable feature of the use of high- 
alkalinity brines is that in the case of calcium brine which has 
been made alkaline with sodium hydroxide, a fine precipitate of 
calcium hydroxide gradually accumulates in the circulating sys- 
tem. This precipitate tends to insulate the pipes and to interfere 
with the proper functioning of valves and pumps. Theoretically 
the formation of this objectionable precipitate is readily pre- 
vented by adding the caustic soda to the brine in highly dilute 
solution and very slowly, so as to avoid localized supersaturation 
of calcium hydroxide in the brine. In practical operation, how- 
ever, the observation of these precautions is accompanied by 
serious inconvenience and, in fact, these precautions are not ob- 
served with sufficient care to avoid precipitation of calcium 
hydroxide and the gradual accumulation in the brine system of 
an objectionable deposit. 

In results given in tables 8 and 9 the metals that showed the 
greatest resistance to all the brines were nickel and Allegheny 
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Metal. These two metals yielded no visible corrosion on the 
strips and no precipitate in the liquid. Their changes in weight 
also were very low and in many instances there was no loss nor 
gain whatever. All the other metals varied greatly in their re- 
sistance to the various types of brines. In some instances they 
resisted corrosion completely, while in others they were severely 
attacked. It appears advisable, therefore to discuss these results 
according to type of brine used. 

Neutral calcium brine. In this brine, nickel, Allegheny Metal, 
Enduro, and Monel Metal suffered practically no attack. The 
loss in weight was also very slight with nickel silver and with 
the aluminum products, but nickel silver tarnished heavily and 
the aluminum products showed considerable visible corrosion. 
Likewise tin and tinned copper were free from visible corrosion, 
but suffered appreciable loss in weight. All the other metals 
manifested severe corrosion as evidenced both by loss in weight 
and by marked visible attack on the metal strips, and, in some 
cases, by a heavy precipitate in the brine. Zinc, iron, and cop- 
per showed the least resistance. 

Neutral sodium brine. The corrosion in neutral sodium brine 
was considerably greater than in the calcium brine, but here 
again nickel and Allegheny Metal were free from visible corrosion 
and their weight losses were small. Enduro rusted slightly along 
the edges of the strips but its loss in weight was slight. Tin, 
Monel Metal, and the aluminum products showed only slightly 
greater attack. The rest of the metals suffered considerably 
more corrosion, iron, copper, zinc, and galvanized iron being the 
least resistant. 

Similar high resistance of Allegheny Metal and Enduro in satu- 
rated calcium and sodium brines was also reported by Quam (5), 
who states that “the high chromium steels showed no change in 
surface appearances but low chromium steel developed a few 
black corrosion spots and showed much greater loss.” The high 
chromium steels above referred to consisted of Allegheny Metal 
and ordinary chromium steel containing 17.5 to 18.5 per cent 
Cr., which conforms approximately to the chromium content 
of Enduro. 
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Alkaline calcium brine. In general the metals showed lower 
resistance to attack in alkaline calcium brine than in neutral cal- 
cium brine. This does not apply, however, to nickel, Allegheny 
Metal, Enduro, Monel Metal, nickel silver, and Ascoloy. The 
aluminum products were very severely attacked and the tinned 
products also suffered material corrosion. The iron strips ap- 
peared to be more intensely corroded but the liquid contained 
less rust in suspension. Copper also suffered severely and pro- 
duced a blue color in the brine. 

Alkaline sodium brine. The alkaline brine here too caused 
much greater corrosion than the neutral brine. This was par- 
ticularly true for the aluminum products, zinc, galvanized iron, and 
most of the tinned products. The loss in weight here averaged 
nearly three times greater than in the neutral brine. Nickel, 
Allegheny Metal, Enduro, Ascoloy, Monel Metal, and nickel sil- 
ver, however, resisted corrosion fully as well as, and in some cases 
even better, than in the neutral brine. 

Chromate-treated calcium brine. The addition of a small 
amount of chromate to the neutral calcium brine very greatly 
increased the resistance to corrosion of most of the metals, re- 
ducing the average loss in weight of all the metals to less than 
one-half of that in plain neutral calcium brine. The corrosion- 
retarding effect was particularly marked in the case of the alumi- 
num products and the tinned metals. _The metals that suffered 
appreciable loss in weight here were zinc, galvanized iron, iron, 
and copper. 

Chromate-treated sodium brine. The corrosion-retarding effect 
of chromate in sodium brines was similar to that in calcium brine. 
It is noteworthy here too that the chromate treatment did not 
appreciably increase the resistance to corrosion of iron and 
galvanized iron. 

In the January, 1926, Report of the A.S.R.E. Corrosion Com- 
mittee, Whitman, Chappell, and Roberts (8) recommend 0.17 
per cent sodium di-chromate as a suitable concentration for chro- 
mate concentration in very slightly alkaline calcium brine. This 
same chromate concentration was provided in both the calcium 
and the sodium brines used in the present experiment. In the 
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January, 1927, report of the above committee, Russell, Roberts, 
and Chappell (9), as the result of later research, recommend 100 
pounds of sodium di-chromate per 1000 cubic feet of calcium brine 
which, according to their graph, is equal to about 0.16 per cent 
sodium di-chromate, while for sodium brine they recommend the 
equivalent of twice of this chromate concentration, or 0.32 per 
cent sodium di-chromate, for a closed brine system. These in- 
vestigators suggest that either sodium di-chromate or sodium 
chromate may be used, but they further report that the chromate 
is the more effective of the two and that the cheaper commercial 
di-chromate may be changed to the neutral chromate by the ad- 
dition of the proper amount of caustic soda. They recommend 
35 pounds of caustic soda per 100 pounds of the di-chromate. 
Their tests were confined to iron, steel, and galvanized steel. In 
a still later report of the Corrosion Committee, Roberts, Forrest 
and Russell (10) state that “it has been found in laboratory as 
well as in plant tests that the best protection (for iron, steel, and 
galvanized steel) is obtained when the brine is made slightly alka- 
line after the addition of the di-chromate.” 

Silicate-treated calcium brine. The addition of sodium silicate 
to calcium brine had but slight effect on the resistance to corro- 
sion of the various metals. Moreover, the silicate-treated brine 
contained a: very considerable precipitate which renders the use 
of silicate in calcium brine undesirable. 

Silicate-treated sodium brine. Except in the case of zinc and 
galvanized iron the addition of sodium silicate to neutral sodium 
brine resulted in a considerable improvement in the resistance 
of most of the metals. The above two metals, however, showed 
a marked increase in corrosion and loss in weight over that in 
untreated neutral sodium brine. 

Russell, Roberts, and Chappell (9) state that “although sodium 
silicate is an excellent corrosion preventive for iron and steel in 
fresh water, it has been found ineffective in brines. Tests, made 
both in the laboratory and in plants, using 40° Be. silicate, have 
demonstrated that little protection either to galvanizing or to 
bare metal results from the use of silicate.’ 

Successive treatment with steam, water, brine, and air. In com- 
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mercial plant operation the heating and cooling of the milk 
product is usually accomplished by the successive use of steam, 
water, and brine, and the brine-wet metals are then left exposed 
to the air until the equipment is again needed. In order to study 
the effect of such exposure of metals experimentally, the metal 
strips were successively steamed in an autoclave, completely im- 
mersed in cooling water and then in cold brine. Each exposure 
continued for two hours. The brine-wet strips were then held 
in the air overnight and the same treatment was repeated daily 
for seven consecutive days. 

The results, tables 8 and 9, show corrosion of all the metals 
used. From the standpoint of visible corrosion nickel, tin, and 
Allegheny Metal were only slightly affected, and their weight 
losses were very small. Iron and galvanized iron on the other 
hand suffered such outstandingly great weight losses as to con- 
demn their use for such purposes. These results explain the 
rapid and profuse rusting and short life of steel-jacketed tanks 
used for both heating and cooling of milkandcream. The alumi- 
num products also lost heavily in weight and all the metals except 
nickel, tin, and Allegheny Metal suffered severe visible corrosion. 
In a separate experiment in which the metal strips were exposed 
to steam alone the weight changes were much smaller, and in 
most cases negligible. These results, together with those ob- 
tained from the single brine treatment, show convincingly that 
this combination of heating and brine-cooling is far more destruc- 
tive to the metals than the use of steam or brine alone. 


SUMMARY AND CONCLUSIONS 


The resistance to corrosion of 19 different metals, plated metals, 
and metallic alloys in solutions of washing powders, chemical 
sterilizers, and refrigerating brines was studied. The metals con- 
sisted of aluminum, manganese aluminum alloy and aluminum 
plated alloy; copper, nickel, Monel Metal, and nickel silver; tin, 
tinned copper, and tinned iron; iron, zinc, and galvanized iron; 
and ordinary chromium steels in the form of Ascoloy and Enduro, 
and a chromium-nickel steel in the form of Allegheny Metal. 
The metals used consisted of strips which were immersed in the 
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solutions studied to the extent of one-half of the length of the 
strips. At the conclusion of each series of tests the weight losses 
and appearance of the strips and the color and precipitate of the 
liquids were noted. The results of these tests were briefly 
as follows: 


A. In washing solutions 


1. The washing solutions used were 0.5 per cent solutions of 
- sodium hydroxide, special alkali, sodium carbonate, Wyandotte 
Cleaner and Cleanser, tri-sodium phosphate, and tri-sodium phos- 
phate containing 0.025 per cent chromate of soda. In an addi- 
tional investigation the corrosion-protective effect of silicate and 
chromate of soda on aluminum products was studied. 

2. The aluminum products suffered by far the most intense 
corrosion in all the washing solutions used, the weight losses of 
the three aluminum products accounting for over two-thirds of 
the total weight losses of all the metals. 

3. The tinned copper and tinned iron products ranked next in 
intensity of corrosion. Their resistance, however, was much 
greater than that of the aluminum products, the total weight 
losses of the five tin-coated products being only one-seventh of 
those of the entire 19 metals. Tin, itself, showed varying cor- 
rosion, but as a whole it resisted attack better than the tin- 
coated products. 

4. Of the remaining metals the chromium-nickel steel, Alle- 
gheny Metal, and the ordinary chromium steels, Ascoloy and 
Enduro, proved most resistant, in fact, these three chromium 
steel alloys were practically immune to the action of the washing 
solutions. Nickel and Monel Metal also showed only negligible 
weight losses and withstood visible corrosion and tarnishing well. 
Nickel silver, while not suffering appreciable weight losses, tar- 
nished considerably in some of the washing solutions, while the 
corrosion of copper, iron, galvanized iron, and zine was decidedly 
greater but not as severe as that of the tin-plated products. 

5. In the case of the aluminum products, corrosion in alkali 
washing solutions was avoided by treating sodium carbonate with 
a very small amount of silicate of soda. Thus, a 0.5 per cent 
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solution of sodium carbonate containing 0.05 per cent of sodium 
silicate eliminated the weight losses of the aluminum products in 
this washing solution entirely. 

6. In a similar manner the corrosion of tin-plated copper and 
tin-plated iron in alkali washing solutions may be reduced to 
negligible figures by chromate treatment of tri-sodium phosphate. 
This was accomplished by the use of 0.5 per cent solutions of tri- 
sodium phosphate containing 0.025 per cent chromate of soda. 
These facts are important in that they assist in solving the diffi- 
cult problem of preserving the tin coating in milk and cream 
shipping cans, pasteurizing vats, and other tinned surfaces in 
milk plant equipment. They further emphasize the short life of 
the tinned surfaces when caustic and other strongly alkaline wash- 
ing solutions are used. 


B. In chemical sterilizers 


1. The chemical sterilizers used were solutions of sodium hypo- 
chlorite, Diversol, and chloramine-T. 

2. In solutions made up with approximately equal content of 
available chlorine, the sodium hypochlorite was by far the most 
corrosive of the three chemical sterilizers used. 

3. Diversol, on account of its alkaline properties, proved very 
destructive to aluminum and is, therefore, not suitable for use on 
aluminum equipment. However, it was the least corrosive steril- 
izer in the case of all the other metals and its effect on the tin- 
plated products was relatively slight. 

4. Chloramine-T also showed far less intense action on tinned 
products than sodium hypochlorite but its corrosive effect was 
somewhat greater than that of Diversol. 

5. Allegheny Metal and Enduro showed no visible corrosion in 
any of the chemical sterilizers, and the attack on Ascoloy, nickel, 
Monel Metal, and nickel silver was but slight. 

6. In neutralizing lime the aluminum products were very se- 
verely affected and the presence of oxidation products was evi- 
dent. Zine and galvanized iron also suffered considerable corro- 
sion and weight losses. The attack on the remaining metals 
was slight. 
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C. In refrigerating brines 


1. Both neutral sodium chloride brine and neutral calcium 
chloride brine were used. Portions of these two brines were also 
made alkaline with caustic soda and still other portions were 
treated with sodium chromate and sodium silicate, respectively. 
In addition a series of metal strips was exposed to successive treat- 
ment with steam, water, brine, and air. 

2. Nickel and Allegheny Metal resisted the corrosion practi- 
cally completely. In only two cases did these metals show any 
attack whatever and then only to a slight extent. This was in 
the case of the combined treatment with steam, water, brine, 
and air, and in the silicate-treated sodium brine. But even here 
these two metals were more resistant than any of the others. 

3. Nickel and Allegheny Metal were closely followed by En- 
duro, Ascoloy, Monel Metal, nickel silver, and tin, all of which 
showed only slight attack in most of the brines. 

4. Copper and the tinned iron and tinned copper products 
showed considerable corrosion. This was especially true of the 
tinned products in the alkaline brines. 

5. The aluminum products withstood corrosion to a marked 
degree in all brines except in the alkaline brines in which they 
were severely attacked. 

6. Iron, galvanized iron, and zine suffered heavy weight losses 
in all the brines and showed very poor resistance to corrosion. 

7. With reference to the comparative corrosiveness of the indi- 
vidual brines, our results indicate that, in general, the action of 
the sodium brines was more severe then that of the calcium 
brines; that chromate treatment affords the best retardation of 
corrosion, and that in the case of some of the metals, an alkalinity 
of 0.05 per cent intensified corrosion. This was particularly true 
of the aluminum, tin, and zine products. 


ACKNOWLEDGMENTS 


We are greatly indebted to the Allegheny Steel Company, the 
Aluminum Company of America, D. H. Burrell & Company, 
J. G. Cherry Company, the Creamery Package Manufacturing 


H 
| 
| 


284 Oo. F. HUNZIKER, W. A. CORDES AND B. H. NISSEN 


Company, The International Nickel Company, and the Jensen 
Creamery Machinery Company, for materials and data gener- 
ously placed at our disposition. 


REFERENCES 


(1) Hunzrxer, O. F., Corpes, W. A., anp Nissen, B.H. 1929 Metals in dairy 
equipment. Metallic corrosion in milk products and its effect on 
flavor. Jour. Dairy Sci., xii, no. 2. 

(2) Nort, C. E. 1927 Report on chemical and electrical tests on met- 
als. Report by The Creamery Package Manufacturing Company, 
Chicago, Ill. 

(3) Sexieman, R. 1923 Milk and metals. Proc. World’s Dairy Congress, ii, 
1211. 

(4) Cuurcuitt, H. V. 1927 Information by correspondence with The Alum- 
inum Company of America. 

(5) Quam, G.N.. 1927 Comparison of the corrosion resistance of three kinds of 
stainless steels. Report by J. G. Cherry Company, Cedar Rapids, 
Iowa. 

(6) Posts, E. P., anp Donaver, M. 1923 The corrosion of metals by re- 
frigeration brine. The Milk Dealer, February issue. 

(7) Hutz, B. S. 1923 Chemistry of the brine tank. Ice and refrigeration, 
Ixiv, 175. 

(8) Wurrman, W. S., E. L., anp Roperts, J. K. 1925 Corrosion in 
the Refrigerating Industry. Report to the Corrosion Committee of 
The American Society of Refrigerating Engineers. Refrigerating 
Engineering, xii, 158. 

(9) R. P., Roserts, J. K., ano E. L. 1927 Corrosion 
in the Refrigerating Industry. Report to the Corrosion Committee 
of The American Society of Refrigerating Engineers. Refrigerating 
Engineering, xiii, 209. 

(10) Roserts, J. K., Forrest, H. O., anp Russexvz, R. P. 1927 Corrosion in 
the Refrigerating Industry. Report to the Corrosion Committee of 
The American Society of Refrigerating Engineers. Refrigerating 
Engineering, xiv, 173. 


A DEVICE FOR REDUCING AN ICE CREAM MIX TO ITS 
BASIC VISCOSITY* 


RANDALL WHITAKER 
Department of Dairy Industry, Cornell University, Ithaca, New York 


In the manufacture of commercial ice cream, the mix is usually 
aged or ripened for one or two days to obtain the beneficial effects 
which are believed to be associated with the higher viscosity 
resulting from this practice. The work of Leighton and Wil- 
liams' indicates that the increased viscosity of the unagitated 
aged mix, called the apparent viscosity, is due to the combined 
action of the concentration and composition of the mix and a 
mechanical structure which is formed during the aging process. 
These workers subjected ripened ice cream mixes to the agitation 
caused (1) by the dashers of an ice cream freezer, (2) by a small 
laboratory stirrer, and (3) by vigorous shaking; and found that 
the mechanical structure was destroyed. The viscosity decreased 
with agitation to a constant value, which these workers called 
the basic viscosity of the mix. They showed that this basic 
viscosity depends upon the concentration and composition of 
the mix, and is of more significance than the apparent viscosity 
which is so rapidly destroyed in the freezer. Experimental 
studies conducted in this department have also shown that basic 
viscosity values are more reliable and reproducible than those 
expressed as apparent viscosity. 


APPARATUS FOR DETERMINING BASIC VISCOSITY 


A very simple, convenient, and efficient device for reducing an 
ice cream mix to its basic viscosity has been developed during the 
course of these experiments. A cross section diagram of the 
apparatus is shown. A motor driven stirrer made of wire screen- 
ing revolves in a glass cylinder containing the mix. In using the 


* Received for publication December 13, 1928. Supported by a grant from the 
American Dry Milk Institute. 
1 Jour. Phys. Chem., 1927, xxxi, 596. 
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apparatus the cylinder is first completely filled with mix, and the 
rubber stopper carrying the shaft of the stirrer is then carefully 
inserted in the cylinder in such a manner as to insure the removal 
of all air bubbles. As the stopper is pressed down into place the 
excess mix is forced up into the overflow tube provided. Should 
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Fie. 1. Device ror Repucine Ice Cream Mix To 1Ts Basic 
Viscosity 


the stopper loosen slightly due to the vibration, or should a leak 
occur at the bearing, additional mix will readily flow down from 
the funnel shaped overflow to replace that which was lost, and 
prevent the entrance of air. A speed of 450 to 500 r.p.m. for a 
period of twenty minutes is sufficient to reduce the mix to its 
basic viscosity when measured with a Mojonnier-Doolittle viscom- 
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eter. The cylinder may be immersed in a water bath of any 
desired temperature. A temperature of 0°C. was found to be 
convenient. This was easily maintained by an ice and water 
mixture. The viscosity must be determined immediately after 
the stirring has been completed. 


FACTORS AFFECTING THE EFFICIENCY OF THE APPARATUS 


In the construction and operation of this device the time of 
stirring, the speed of the agitator, the size of the wire screening, 
and temperature of the mix are variable factors which would 
appear to affect its efficiency in reducing the viscosity of an ice 
cream mix to a reproducible minimum. All determinations were 
made at 0°C. to duplicate as closely as possible conditions found 
in the freezer. Tests were made in which the time of stirring 
was varied until it was evident that, with a speed of 450 to 500 
r.p.m., twenty minutes allowed ample time for the viscosity of 
the mix to reach a minimum. Tests were also conducted with 
stirrers constructed of different sized wire screening. The wires 
of the screens were } inch, ? inch, and 3 inch apart respectively. 
The three agitators all reduced the mix to its basic viscosity when 
the device was operated at the prescribed rate of speed for twenty 
minutes, although the destruction of the apparent viscosity 
was effected a little more rapidly with the stirrers constructed 
of the smaller mesh screening. 
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W atch for This Page in Each Issue, to Keep Informed on New 


Contributions to Fundamental Science 


NEW AND FORTHCOMING BOOKS 


This List Compiled April 10, 1929 


PUBLISHED SINCE DECEMBER 1, 1928 


THE KAHN TEST: A Practical Guide, by R.L. Kann = $4.00 
Cloth, 6 x 9, xit + 201 pages, 36 tables, 7 plates, bibliography, 
index. 


DE LAMAR LECTURES, 
Cloth, 6 % 9, ii + 224 pages. 
THE INVERT, by ANoMALy 
Cloth, 4 x 64, xxxii + 160 pages. 
' LABORATORY MANUAL OF PHYSIOLOGICAL CHEM- 


ISTRY, by D. W. Witson $2.50 
Cloth, 6 x 9, 272 pages. 


THE HARVEY LECTURES, 1927-1928, SERIES XXIII, edited 
by Purttr D. McMAsTER $4.00 
‘Cloth, 5} x8, 280 pages, illustrated. 


BORN THAT WAY, by Jounson O’Connor 
Cloth, 5} x 8, 323 pages, illustrated, index. 


THE STORY OF MODERN PREVENTIVE MEDICINE, 
by Srr ArTHUR NEWSHOLME $4. 00 
Cloth, 5 x74, xii + 295 pages, 10 figures, index. 


PRACTICAL CLINICAL LABORATORY DIAGNOSIS, 3rd 

Edition, by Dr. C. C. Bass and Dr. Foster M. Jonns, $7.50 
Cloth, 6 x 9, xvii + 187 pages, 125 illustrations, 20° plates, ap- 
pendix, index. 


1927-1928, edited by Roscor 
$5.00 


$2.00 


$6.00 


FORTHCOMING 


MEDICINE: Its Contribution to Civilization, by Epwarp B. 
VEDDER, to be published about May 7, 1929, probable price $5.00. 


STUDIES IN THE HISTORY OF STATISTICAL METHOD, 
by Dr. Herten M. WALKER, to be published about May 1, 
price $5.00. 

THE TOXEMIAS OF PREGNANCY, by H. J. Sranner, to be 
published about April 16, price $3.00, 


SHIPWAYS TO THE SEA, by E. S. Cowes, to be published 
about May 1, 1929, probable price $5.00. 


THE ORIGIN OF MALIGNANT TUMORS, by TueEopor 
BoverI, to be published about May 5, 1929, probable price $2.50. 
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Seventh Street, Minneapolis, 
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J. A. MAJORS COMPANY, 
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tific and Reference Books, 228 
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Calif. 

CHICAGO MEDICAL BOOK 
COMPANY, Medical Booksell- 
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Congress and Honore Streets, 
Chicago, Ill. 
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Theses - Problems 


The college trained staff of this organi- 
zation gladly furnishes data and in- 
formation for theses and problems. 


Why not include this service in your 
plans for the present academic year? 


The American Guernsey 
Cattle Club 


5 Grove Street Peterboro, N. H. 


MARSCHALL 
RENNET anpD COLOR 


STRONG 
PURE 


Made in the largest and best equipped 
Rennet factory in America! 


THE MARSCHALL DAIRY LABORATORY 


MADISON. WISCONSIN 


CLASSIFIED ADVERTISING 
$3.00 PER INCH 
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by refund of each 


Your advertisement is being read in every State and in 25 Foreign Countries 


Milking 
Machines 


ILK produced with a milking machine can 
M be of high quality if the factors causing 
poor quality are understood and con- 

trolled. This is simple when understood. 

Careful observations and tests indicate con- 
clusively that the milking machine is not primar- 
ily responsible for poor quality milk. 

The following factors should have careful atten- 
tion if milk of good quality is to be obtained with 
a milking machine. 

First: Not permitting the machine to stand after 

use before the cold water rinse. 

Seconp: Neglect to promptly follow the cold water 

rinse with hot water, to which a small amount of 

washing powder is added. 

Turrp: Neglect to provide water of sufficient high 

temperature. 

Fourts: Neglect to promptly and completely im- 

merse the milking machine parts in a reliable dis- 

infectant solution. 

Firtu: Failure to maintain, between milking 

periods, the soak solution at proper strength. 

Srxtu: Failure to provide sufficient soak solution 

to completely cover the cups and tubes and to 

immerse properly to avoid air pockets which pre- 
vents complete contact with the disinfectant solu- 
tion. 

There are other factors that are not attributed 
to the machine, but which cause poor results. 
Failure to disinfect the cows’ udders. Failure to 
properly sterilize cans, buckets, strainers, and all 
other equipment making contact with the milk. 
Failure to provide prompt cooling of the milk. 
Failure to test frequently, the milk of individual 
cows to locate seeders which contaminate the 
milk and are responsible for the high count. 

Experience and many carefully controlled tests 
prove that the ideal chemical sterilizer for the 
purposes enumerated above, is B-K, a concen- 
trated sodium hypochlorite. It is the standard 
and is dependable for results—Money back if not 
satisfied. 

Ask for our bulletin No. 124 on ‘‘Milking Ma- 
chines.’’ It gives complete and reliable informa- 
tion for the proper care of milking machines, to 
give the best results. 
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Ready Now-- 


PRECISION PASTEURIZATION! 


Itis ready for you. Are you ready for it? 


WHAT IT IS — Precision Pasteurization is laboratory pasteurization 
enlarged to a commercial scale. It realizes in a practical way that 
which earnest scientists and conscientious milk dealers have aimed at 
since pasteurization began. 


WHAT IT DOES — Summed up in a few sentences, it— 


. Regulates temperature within a hairline. 

. Does not overheat any part of the milk. 

. Positively holds all the milk in a valveless holder. 

. Holds under correct conditions for perfect pasteurization. 

. Eliminates foam as a problem. 

. Cannot be rushed. Reduces human element to the minimum. 
. Produces splendid flavor and full cream wall. 


SEND FOR THE FACTS — These results are being achieved by the 
Precision Heater and Helix Holder. They are built in the apparatus. 
Don’t buy any less efficient equipment until you get the facts about this 
system and apparatus. 


The Creamery Package Mfg. Company 


1244 W. Washington Blvd. 
Chicago, Illinois, U. S. A. 


Your advertisement is being read in every State and in 25 Foreign Countries 


Twenty Years Ago 


Twenty years ago much of the equipment we 
find a: moderm creamery, cheese: factory, or 


dairy, did‘not even exist... It Hadn’t’been invented. 


Yet they made pretty good butter even in those 
days. 


Nevertheless; twenty: years: ago hundreds of 
creameries, dairies, or cheese factories‘enjoyed the 
same protection’ of sweet, wholesome cleanliness, 


for 


¢ 
Cleaner and Cleanser. 


then:as today was-the standard dairy cleaner. 


The quality of this unequalled) dairy cleaner 
and the superior results.its:use-provides, has kept 
pace with every advance im dairy practice. 


Ask your supply man for 
 “WYAN DOTTE” 


Tue J. B. Forp Company Sole Mfrs: Wyandotte, Michigan 
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MEDIA FOR DAIRY LABORATORIES 


Bacto Whey Agar 


Forms a most satisfactory medium for the cultivation of Lacto» 
bacillus acidophilus, particularly in| controlling viability of cultures 
and in observations of intestinal implantations. Very suitable for 
for the lactic organisms. 


Bacto-Malt Agar 


An excellent medium for the detection and enumeration of moulds 
and yeast in butter and other dairy products. Valuable in controlling 
the sanitary conditions of the manufacturing processes. May be 
used without adjustment or may easily be brought to an acid reaction. 
to suppress bacterial growths in the plates. 


Bacto-Nutrient Agar 


Conforms to the requirements of “Standard Methods. of Milk 
Analysis’” when prepared for laboratory use. Yields uniform results, 
renders counts of many laboratories comparable. Permits:the’com- 
pilation: of comparative data. 
medium is necessary. 


Specify “DIFCO” 
THE TRADE NAMB._OF THE PIONEERS 
In the research and development of Bacto-Peptone and Dehydrated Culeate Medin. 


DIGESTIVE FERMENTS COMPANY 
DETROIT,. MICHIGAN, U. S. A,. 
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